oN 


WAWAB S 


= 
4 
4 
4 





=~ 


x 


Photogr vhers, 


PROFESSIQNAL PAPERS 


INDIAN ENGINEERING. 


(SECOND SERIES.) 


EDITED BY 


MAJOR A. M. LANG, B.E., 


PRINCIPAL, THOMASON C. EB. COLLEGE, ROORKEE, 


VOL. If. 


ROORKEE: 


PRINTED AND PUBLISHED AT THE THOMASON COLLEGE PRESS. 
QALOUTTA: THAUKER, SPINK & Co. BOMBAY: THACKES, VINING & Oo. 
MADRAS: GANTZ, BROTHERS. LONDON: E. & F. N. SPON & Oo. 


1878, 


[Au rights reserved by the Secretary of State for India in Council.] 


PREFACE 10 VOL. II. 


Tue Second Volume of the New Series has now been completed : 
forming the Ninth Volume of “Professional Papers on Indiay 
Engineering” Edited at this College. 

Of the thirty-five papers published in this Volume, eighteen 
relate to Canals, Water-Supply, or works connected with Irri- 
gation: three are descriptive of Public Buildings: four deal with 
appliances for, or details of Building Construction: four discuss 
Mortars and Cements: three contain investigations of Stresses 
in Structures: while Tramways, Rates of Work, and Railway. 
Timg Tables have each an Article devoted to them. Thus it 
will be seen that this publication embraces among its contribu. 
tors more writers on Hydraulic Engineering than on any other 
branch of the Profession in this country. 

As it is desirable that these papers should present to Indian 
Engineers -descriptions and drawings of the latest works in ali 
departments of Engineering in the country, and the results of 
experience, investigation, caloulation or discussion in the many 
interesting, and often difficult, problems connected with every 
branch of Engineering practice in the country, I would continue 
to urge on all who take an interest in such questions the claims 
of this publication to their support. If well supported both by 
Subscribers and by Contributors of articles from every branch 
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“ef the Profession in the Country, these papers cannot fail to 
furnish a most useful medium of discussion on important En- 
‘gineering problems, and of disseminating a knowledge of all 
‘recent practice: and on these grounds they would seem natur- 
ally to claim willing support from every Engineer in this coun- 
‘try, both in his own interests, and in those of his fellow workers. 

In this present Volume the Articles by Major Hector Tulloch, 
form a most complete and exhaustive essay (well worthy of 
careful study) on the History of the Water-Supply of Bombay, 
and on the several possible modes of improving this supply, to- 
gether with collateral discussions of questions intimately con- 
nected with the general subject of Water-Supply. Capt. Cun- 
ningham’s Article on the ‘ Stability and Strength of Masonry 
Well Foundations in Quicksand,” is a most valuable contribution 
to the Mathematics of Engineering, and involves investigations 
in a problem hitherto almost untried: in this Article the whole 
subject in all its bearings has been for the first time (1 believe) 
thoroughly and scientifically discussed, and results have been 
given in a form suitable for the calculations of the practical 
Engineer. | 

A third Volume will be commenced in January, to consist of 
four quarterly numbers issued in January, April, July and Oc- 
tober, 1874: the cost being Rs. 14 for Subscribers in advance: 
but Rs. 4 per quarterly number for those paying in arrears: 
and for purchasers of single numbers. 


A. M. L. 
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OFFICES OF THE MYSORE GOVERNMENT AT 
BANGALORE. 
[ Vide Photograph and Plate I] 


By Lrevt.-Cor. R. H. Sanxzy, R.E., Chief Engineer, Mysore. 


For some 87 years prior to the construction of the new range of build- 
ings—the east front view of which forms the frontispiece of the present 
number—the Chief Officers of the Mysore Administration were located in 
the Fort of Bangalore, and in hired houses at various parts of the station. 

Sir Mark Cubbon had continued till his retirement in 1861, to hold his 
office in the ancient palace of Hyder Ali in the Fort, and notwithstand- 
ing the native inscription on this building declaring it to be the “admir- 
ation of the heavens,” nothing probably showed more conclusively the 
stern economy of the old Commissioner’s administration of the finances of 
the Province, than the fact of his consenting year after year to transact 
business in this singular old structure. The main block consisted of a 
long, low, ill-ventilated, ill-flavoured, ill-divided and rickety double storey- 
ed building, which was at once the torment of all who had to use it, and 
the despair of the Officers who were charged with the duty of preventing 
it from falling down. All this portion has now been cleared away. An 
adjoining block which housed the Treasury, Military Assistant’s Office, &c., 
still stands, and as the architectural features are picturesque, pleasure seek- 
ers have found means in the happy application of white-wash, &c., to 
adapt it for an occasional dance, perfectly regardless of the all pervading 
dry rot. 

-The extreme inconveniences of the main building, the fears of sudden 
collapse, distance from the station, and the nuisance of scattered offices 
led at length in 1857, to the submission of a project embracing all head 
quarter offices under one roof; but the mutinies interfering, it was not 
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till 1860 that the first design went up to the Government of India. This, 
however, was rejected, and after much discussion, a revised design by the 
writer of the present notice was accepted, and carried into execution. 

No small difficulties presented themselves in the selection of a suitable 
site, partly from objections to placing the building on any of the military 
parade grounds, which occupy the only approximately level portions of 
Bangalore, and partly from the high compensation demanded by private 
owners for other eligible positions. At length, however, a site was fixed 
on, which had originally been specially named by Sir Mark Cubbon (whose 
bronze statue by Marochetti, now appropriately stands in front of the 
building). It lies immediately beyond the western extremity of the 
general parade ground, and so far as mere position goes, is as centrical, 
with reference to the populations of the Pettah on one side, and the Can- 
tonment Bazaar and Military station on the other, as could be desired ; 
but it fails in some minor points. 

From the peculiar conformation of the ground, the building is neither 
sufficiently elevated, nor is it placed as squarely as could be desired to 
the parade ground which it fronts. Furthermore the ground sloped 
away so rapidly, as to necessitate the adoption of a plan of building 
unduly long with reference to its breadth; and again the whole surface of 
the ground was so cut into by deep nullahs, (one of which was 90 feet 
wide and 30 feet deep, while another had been employed always for 
escalading drill,) and encumbered by rocks, gravel pits, &c., that at first 
it seemed hopeless to do more than provide standing ground for the 
work, 

By much patient labor, most of the eye-sores which at first were so 
conspicuous, have now disappeared; and as year by year the trees of the 
“Cubbon” Park round the Offices increase in number and size, mat- 
ters will improve, though necessarily the original defects, due to the 
difficulties of the position, as above explained, must remain, although 
they may not be so observable. 

The general appearance of the buildings as seen from the parade or 
east side, is shown by the frontispiece. There being no projecting blocks 
on the west face, the outline is more in repose as viewed from that side. 

The following are some particulars regarding amount of accommoda- 
tion, cost, and constructive features of the work, which having been 
eommenced in October 1864, was finished and occupied by April 1868. 
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OFFIONS OF THE MYSORE GOVERNMENT AT BANGALORE. 8 


The offices accommodated at present are— 

1. Chief Commissioner’s, General Secretary, &c. 

- 9, Judicial Commissioner and Court. 
8. Chief Engineer and Secretary, P. W. Department, Superin- 
tending Engineer for Irrigation, Controller, &ec. 
Director of Public Instruction. 
Conservator of Forests. 
Deputy Accountant General and Government Treasury. 
. Superintendent of Government Press. 
8. Small Cause Court. 

It having been found inconvenient to continue the arrangements made 
for the Government Press, a new printing office has been under construc- 
tion, and is now nearly ready for its reception, and the space thus set free 
will be devoted to other Departments connected with the central adminis- 
tration, viz., the Inam Superintendent, the Military Assistant to the Chief 
Commissioner, and the “ Anchay” or Mysore Post. 

The general dimensions of the building are—Total length, North to 
South, 6363 feet, subdivided thus— 


| Length. | Breadth. | Height. 


ft. in, ft. in. ft. in. 
Central block, .. oe oe eel 197 7 74 103 | 53 54 


_ 


NP 





Wings (each), ee ee oe ee 156 6 55 ll 48 84 


Body (two connecting lengths between 
wings and centre block, each), = «» | 904 103 | 67 103 | 44 21 





The spaces provided are— 


Unoccupied 

: an os (verandahs, oe 

of rooms), | S*air-cases z pores : 
feet, | Walls, &e.), feet 


* | square feet. 


Ground floor, .. ee ee ee wa 24,910 85,105 60,015 
First, os wee Swe | 84,606 | 25,409 | 60,015 
Second ,, (in centre block only), oe 5,581 719 6,300 


CRE Caras | Pn Ee f CEE ED 


Total, ..| 65,097 | 61,288 | 126,830 





4 OFFICES OF THE MYSORE GOVERNMENT AT BANGALORE. 


‘The unoccupied spaces, it will thus be observed, very nearly balance 
‘those actually utilized in the shape of rooms and courts. This large pro- 
portion is mainly owing to the fact that the main walls of the building 
on all sides are shaded everywhere from the direct rays of the sun by 
verandahs or porticoes. The ample provision also made for staircases and 
intercommunication between the several offices—all of which, moreover, 
have their separate and distinct entrances—contributes to this result. 

Here also it may be observed that from the presence everywhere of 
verandahs, and the peculiar construction of door adopted, (lower portion 
being panel, next venetian, upper part glazed, and above all a fan-light 
“ventilator,) hardly a ray of direct sun-light finds its way into the building, 
while at the same time there is abundant light and ventilation. 

The total cost of the building, exclusive of compensation for site, and of 
levelling, &c. (which was heavy), was Rs. 8,68,981, which taking the area 
occupied on the outside lines (60,015 square feet) gives the rate over all 
of Rs. 6-2-4 per square foot of ground plan. 

The foundations are everywhere sunk to gravel, which, as a rule, under- 
lies everywhere the red surface soil of much of the Province. 

Wings, Aer -- 4 feet deep. 


g 
Foundations of { Central block, eee oe 44s, 
Body, woe wee ites ig 


and both the foundations themselves, as also the walls in superstructure of 
the basement and first floor, are throughout built of what is locally termed 
“ burnt stone, ” (¢. ¢., gneiss which has been split in laminw by fire from 
the parent rock—altogether an unexceptionably fine material) in chunam. 
In places where old nullahs crossed the site, the foundations go down to 
14 feet, and large slabs of stone 6 to 9 feet long, are placed for distribut- 
ing the pressure. 

The walls above the first floor are of brick in chunam. Throughout the 
whole of the ground floor “‘ burnt stone” slabs 4 inches in thickness, have 
been employed for flooring both verandahs and rooms, while on the first 
story, teak-wood planked floors (calculated to bear 60 hs. on the square 
foot) are employed. The verandahs here are simple terracing with a mat- 
ting made from the outer rind of the bamboo, which with a little attention 
is found to answer very fairly. 

The roofing throughout consists of the ordinary description of terracing 
employed in Southern India (one course of terrace bricks-on-edge, three 
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inches of concrete, two courses of flat tiles and plaster—weight 68 fbs. per 
equare foot), and the scantlings everywhere employed are taken from - 
the tables calculated by the writer, and published in Vol I. of the “ Profes- 
sional Papers on Indian Engineering” [First Series]. The pent-roofs 
of wings and central block, though likewise consisting of terrace, have 
their upper surfaces modelled in imitation of Grecian tiles, and along both 
ridges, eaves, &c., specially moulded ornamental tiles of correct form have 
been employed. 

The contractors who carried out the building with scrupulous honesty 
from first to last-—Messrs. Wallace, Bumselal Abeerchund, and Narrain- 
swamy Moodlear-—showed much resource in all their arrangements, and 
especially in the ornamental portions, moulding and burning the Ionic 

‘ volutes of both large and small capitals throughout, in correct form. They 
likewise made their own arrangements at Moulmein, and shipped the whole 
of the teak employed in the work, all of first quality. Mr. Wallace, 
who was the working partner, deserved much credit for the intelligent and 
painstaking supervision he devoted to the work throughout the whole 
time it was in hand. 

Among other constructive features of the building may be mentioned 
the disposal of the roof drainage. This is taken down in copper pipes 
(spaced 25 feet apart generally, with good sinks above, and five inches 
in diameter through the main walls. 

By counter sloping the verafidah roofs everywhere, and by making the 
ends of the pipes debouch into culverts which encircle the building, (from 
four to five feet below the surface), the whole drainage is thus taken off 
without running over and disfiguring the outer walls, and is in fact, 
transferred to points distant from the building. 

As this system of disposing of roof drainage has frequently led elser 
where to trouble from the difficulties of adjusting the pipes properly in 
course of construction, it may be as well to mention that great care was 
bestowed on this portion of the work from the first. The copper pipes in 
lengths of four feet, were carried up “part passu” with the walls, and 
always in advance. The longitudinal seam was knuckle-jointed and 
rivetted, while the junction of each length of pipe was simply, butt jointed, 
collared and white leaded. 

In course of construction, interference on the part of the work-people 
had to be continually guarded against, they on some occasions having 
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been found wantonly to injure or interfere with the pipes: once or 
twice they managed to throw down a large quantity of mortar and 
gravel when the walls were well up, thus giving most serious trouble. 
Considering all attendant difficulties, the results have, however, been very 
satisfactory. © 

From first to last, about 20 joints have shown weakness, but these 
being readily cut down into from the outer faces of the walls, all further 
leakage has been stopped by making « small basin round the outside of 
the joint, and pouring in specially prepared plaster of paris, There can 
be little doubt that instead of being “butt,” the pipes should have been 
spigot and faucet-jointed, which with plaster of paris or cement outside 
each joint, would have saved all future trouble. As it is, however, the evil 
is quite a minor one and readily corrected. 

The building has now settled most regularly throughout, showing only 
very slight inequalities of settlement in three places, and these quite un~ 
important. The roof on the whole has behaved very well. Along the 
‘‘ valley” over the main walls which carries the drainage, a slight yield 
and “kick” of joists has produced a thin longitudinal crack which give 
rise to a little ‘‘weeping” after heavy rain; but the cure for this is readily 
applied in the shape of a small parapet wall along the valley weighting 
and thus preventing any further rise in the ends of the joists. Now that 
the building has fairly settled, this remedy can be effectually applied. It 
would no doubt have been better had the small weighting parapet been 
' built daring first construction. 

The heavy and massive cornices of the central block have also produced 
a longitudinal crack, and some leakage. The remedy for this, however, 
will be simple, and it is hoped effective, 

Altogether few roofs have probably given less trouble, and the little 
leakage that exists is susceptible of easy correction. 

It was at first proposed to face the building with stone, but the im- 
possibility of doing this was soon demonstrated by the prohibitory cost . 
of cutting the requisite mouldings in the hard “ gneiss” of this part of 
India: plaster surfaces and mouldings had therefore to be resorted to, 
The system of interior drainage having preserved the surfaces from all 
run of water, it became of importance to apply a description of coloring 
which should not in process of time need renewal, and this was effected by 
grinding up one measure of fresh burnt lime with two measures of clean 
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river sand, and as ufficient quantity of the light red ochre procurable in 
every bazar. The resulting wash having a pleasing creamy color, and 
being applied in the usual way, was found not to rub off after a month, 
and the whole surfaces are now weathering out satisfactorily. No outer 
re-coloring should ever be required. The cost of this wash is about 6 
annas per 100 square feet. 

The following are some of the main items of the work, with rates, as 
actually executed under contract :— 


RATE. Cost. 








Description. | Quantity. 
RS, 


Rs. | |r 





a. |B, 





Earth excavation, cubic yards, .. es 7,120; .0; 1] 8 751 | 6] 1 
99 | filling, 9 9 | ea ee 3,462 0 2 8 577 6 0 


Stone in chunam (up to 20 feet above 
formation level), 100 cubic feet, } 2,838,338 | 138 | 14| 8 | 39,852 | 8| 0 


Brick in chunam (from 20 to 55 feet, above 
formation level), 100 cubic feet, t 2,99,187 | 19 | 7| 2] 58,175 | 4] 0 


Arch workin chunam, do, do., --| 81,818 } 26 | O| O| 8,253 | 0; 0 


ean ree a gneiss slabs &e),}) gos | 17 | 8} 0} 7,166 |15| 2 
Upper verandah terracing, és --| 19,180 | 241 0} O| 4,591 | 3] 2 
Roof terracing, square feet, oe e+| 87,629 | 80} O!1 01 11,288 | 11] 2 

» inimitation of Grecian tiles,sq.ft., .. 21,786 | 45 {| 0! 0O| 9,803 {11} 2 
Teak wood planked floor, ne e-| 87,6517 | 50 | O| 018,758 | 8| 2 


o 


Wood-work in beams, and joists (teak 
wrought and put up), cubic feet, 27,745 | 8] 8! 0|97,107 | 8 
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GRAPHIC TIME TABLE. 
[ Vide Plate I1.] 


By Horacz Betz, Exec. Engineer, Holkar (State) Railway, 


Tax clearness and succintness of the graphic method has recommended 
it for adoption in lieu of figure tables in many kinds of business; but: 
it is, somewhat strangely, little used, as far as I am aware, in railway 
work. For the purposes of a Railway time-table it appears to be admirably 
suited, as will be seen by reference to the accompanying Plate. The En- 
gineer and his men can see at a glance when they have time to stew a 
road, take out rails, or lorry, from place to place. Drivers and guards see 
clearly their time and position in cases of break down, and the traffic 
department would find it particularly useful in seeing when to put in, 
or cut out, trains; a point which might save much time, and confusion in 
running specials, or troop and supply trains, in emergencies or time of 
war. I first saw a graphic table when passing through Bavaria during 
the war of 1870, when as may be supposed a large proportion of the 
trains were “ Militarerganzungsziige,” (Military supplies.) The tables 
were lithographed and printed either on paper, or for out-door use, on 
strong slightly glazed cloth. These latter were, I judged from those I 
_ Saw, occasionally used for less technical purposes. It will be noted that 
‘on single lines the trains cross of course only at stations—on double lines, 
‘anywhere. Also, that the quicker a train, the less the angle made with 
the perpendicular. 

| H. B. 
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No. LXV. 


MARGOAT CEMENT. 


By P. Dejoux, Esq., Hvec. Engineer, Cement Experiments Division. 


GENERAL REMARKS ON GxHootinea Limestonzs. 


Taz nodular limestone, called Ghooting or kunkur in India, generally 
is by its chemical properties the combination of a hydranlic stone and a 
cement stone, rather a little too rich in clay, so that when the stones are 
not too hard to break, pulverizing and mixing them with sufficient water 
to form a rather hard paste, and then making small bricks or balls and 
burning them sufficiently, will enable the manufacture in some cases of 
Portland or slow-setting cement, and in other cases a kind of Roman 
cement or quick-setting cement. When the ghooting is burnt, as is 
generally done in Bengal, the part which is slaked when taken out from 
the kiln is the part eontaining the quantity of clay necessary to make 
good hydraulic lime; large portions of the parts which are not slaked are 
those containing more clay and are cement stones; but as generally they 
contain too large proportions of clay, it will not do to burn those portions 
again, but, on the contrary, it will be better to burn the whole until they 
cannot be slaked. 

The following details will serve to explain my reasons for adopting this 
Opinion. 

T.—-When I have to conduct the analysis of a stone of the same kind 
as « ghooting-stone, I select from a cubic foot of stone a dozen pieces of 
different shapes, sizes, and appearances ; I pulverize them roughly, and 
mix as much as possible the powder so obtained. 
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I take afterwards a small quantity of it, and reduce it by means of an 
‘agate mortar into an impalpable powder, of which, when dried, I take a 
quantity weighing 150 grains, and it is on this last quantity that the 
analysis is conducted. 

I].—Proceeding in this way, I found that in the Bengal ghooting-stone 
the proportion of clay various from 10°50 to 88°38 per cent., the average, 
however, being 25 per cent. 

‘Now, if we look to the analysis of the lime believed to be the most 
hydraulic of all the limes known, viz., the lime of Theil, (France,) we 
find that the limestone from which that lime is obtained contains only 
14°90 per cent. of clay, and we may farther say that few hydraulic lime- 
stones at home contain more than 15-per cent., and none more than 20 
per cent. of clay. 

IIL—The analysis of the ghooting stones giving an average propor- 
tion of 25 per cent., they could naturally be taken for cement stones, but 
experience proves them to be only argillaceous limestones. 

Therefore we can only say that, if the ghooting-stones were more homo~ 
geneous, they could have been classificd in the category of natural cement 
stones, | 

To prove this opinion, I may say that, if we separate some nodules 
from a piece of ghooting taken in its natural state, it will be found that 
they generally differ in texture and appearance, and that analysis shows 
that while some contain as much as 50 and 55 per cent, of clay, others 
are very nearly pure carbonate of lime. 

From the experiments I have made, I feel authorized to say that as 
regards the generality of ghooting-stones, those which contain from 20 
to 25 per cent. of clay are very hydraulic limestones, while those con- 
taining only from 10 to 14 per cent, are feebly hydraulic. 

As regards those in which the proportions of clay exceed 25 per cent,, 
they produce only a small quantity of lime, and the pereentage of portions 
which cannot be slaked increases proportionately with the quantity of clay. 

Ihave been able to verify the truth of these last remarks in many 
places in Lower Bengal, where large quantities of ghooting ame are 
manufactured. 

I may, however, state that some ghooting-stones or kankur may. he 
found sufficiently homogeneous to follow the ordinary rules of hydraulic 
limestones, but such may very seldom be the case. 
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IV.—When such a stone as ghooting has been well burnt, all the pro- 
portions containing less than 20 per cent. of clay slake when immersed 
ini water, but the portions containing an excess of clay, called generally 
‘* refuse ghooting” in Bengal, remain inert. 

V.—Now, supposing that, after having burnt ghooting-stone containing 
an average of 20 per cent. clay, the half only of the total quantity (which 
we will suppose to be 100 cubic feet) slakes and yields an ordinary hy- 
draulic lime; it must be taken as a datum that this lime proceeded from @ 
limestone containing about 10 per cent. of clay. 

Consequently the 50 cubic feet of refuse ghooting, which did not slake, 
must be considered as an argillaceous limestone, containing about 30 per 
cent. of clay ; bearing in mind that the proportion of clay in the total 
quantity of 100 cubic feet of ghooting was 20 per cent. 

Therefore I draw the conclusion that this ghooting must be considered 
as the agglomeration of two different stones, ¢.¢., while one yields 10 per 
cent. of clay, and produces an ordinary hydraulic lime, the other contains 
80 per cent., and may be transformable into cement. 

‘VI—Again, supposing that the 100 cubic feet of ghooting contains 
80 per cent. of clay, and that we obtain (after slaking) a lime very hydraul- 
ic, and 50 cubic feet of' refuse ghooting, this lime, according to its degres- 
of hydraulicity, must be considered as procceding from a linrestone’yield- 
ing about 15 per cent. of clay. 

It follows that the refuse ghooting must be considered as an argilla- 
ceous stone, yielding about 45 per cent. of clay, and consequently quite 
useless for the manufacture of either lime or cement. 

VII.— Under such circumstances, therefore, we have to consider the 
two following alternatives, if it be intended to use ghooting for making 
cements. 

In the first case, if the proportion of clay in the refuse ghooting be the 
proportion generally fougd in cement stones, we have only to begin by 
burning the ghooting in the usual way, then to let it slake, separate from 
the refuse ghooting the lime obtained, and to re-burn the refuse more or 
less according to requirement for either slow or quick-setting cement. 

In the second case, which is the most general, and where the propor- 
tion of clay exceeds the limit of the quantity usually found in cement 
stones, we may follow the theories of Messrs. Minard and Lacordaire 
(Ingenieurs des Ponts et Chaussées), who are of opinion that some argil- 


‘ 
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‘Isehons limestones, of which portions contain clay in excess, may by 
‘4% Nong process of calcination with a moderate fire be transformed into 
woment, , 9 

VIIL—The soundness of this fact was nevertheless tested by the ex- 
periment I made on the specimen of ghooting-stone AZ from Dinapore, 
a6 described in Statement B. 

. This ghooting yielded a quick-setting cement when calcined with a 
aden fire until it would not slake. 

We could in such a case as the last use a flame-kiln for calcinating the 
ghooting to the required degree. 

IX.—I must, however, reiterate that it will be more certain and more 
easy, principally on account of the burning, to choose, for the manufacture 
of cement, ghooting-stones which, containing the proper proportion of 

‘Clay, can be easily pulverized, and that in such a case they may be 
‘treated similarly as non-homogencous marly clay. 

In treating about ghooting limestone, I may as well state that the 
great defect in hydraulic lime extracted from it and used throughout in 
Bengal, lies from its not being sifted fine enough. Failures in buildings, 
are, I believe, ascribable in # great measure to the mortar prepared with 
this defective lime; for straining ghooting lime properly, however, I am 
of opinion that no sieves less fine than one of 20 meshes to an inch should 
be used. 

In order, therefore, to give my conjecture a trial and my opinion 
stability as to the defect: above noticed, I made a rough analysis of the 
ghooting lime used in the Drainage Department of the Calcutta Munici- 
pality, and found, az anticipated, the following result — 


Lime, ane bee . ees ees eos i ane 470 
Clay, , so se one te wwe 6-0 
Bands ecco dew, ss, cess «wae aes: ae 175 
Ashes, ies oes ses oes see 40 
Carbonate of line, half binnt eee ° pee oe 25°6 


1000 


Marcon: Cement. 


The Margohi quarries are only 10 miles distant from the head works at 
Debree, and about 5 from the tramway at Dhodand, which communicates 
with the head works. 
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The quarries are at the foot of the hills, and can be worked very 
easily. 

It is evident at present that the Soane Circle contains such of the best 
materials as will enable the manufacture of good cement. Of the speci- 
mens received, two have been found very suitable for the purpose. These 
are called in French Marnes Argileuses (marly clay); one of these, B6, 
is very nearly like the Marne of Boulogne Sur Mer, which produces a 
cement which is considered by many Engineers better than the English 
Portland cement; the other marked B7, sent to me as white clay, is also 
& Marne, and by its combination with B6 will enable the manufacture of a 
cement of the kind which is commonly called Roman cement. 

The clays B6 and B7 are very friable, and consequently very easily 
pulverized; on this account it is certain (by reducing them to that state 
and eventually forming bricks with them) to secure a good homogeneity, 

In Statemerit B. are given the results of the experiments on cement, a 
rough analysis of these two descriptions of marly clay. 

The samples Al, A2, and A3 may be also considered as cement stones, 
but the layers of these stones are of different qualities; some are cement 
stones, and others similar to those called by Vicat Chava Limites, which 
are always dangerous to use. 

Should these stones be, however, burnt to a high temperature and at- 
tempts made to slake them with boiling water, the result will be that 
while the portion containing the Chauz Limites gets slaked, the other 
remains unaffected. I opine, therefore, that they must be rejected on 
account of their want of homogeneity, and principally on account of the 
presence of the Chauax Limites; nevertheless, I intend making further ex- 
periments with them. 

The clay from Dehree, B9, contains 8 per cent. of sand, but after 
washing it may be used with marly clay, and besides it may answer, if 
necessary, to increase for slow-setting cements the proportion of clay. 

On the surface of the ground about the Margohi quarries there is to 
be found a sandy clay to a depth of 12 to 15 feet, after which a kind of 
shelly, useless, clay. 

This shelly clay is found in great abundance with the yellow clay B77, 
the latter containing 88 per cent. of clayor sand, and 12 per cent. of 
carbonate of lime, and under it the yellow marly clay B6, which is also 
plentiful, but which can very easily be ene from the shelly clay. 
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. The fourth strata consisted of blue stones Al and A2, mixed with the 


as white marly clay B7; and the fifth of white stone A8. 


“The oley B7 is not to be found in very large quantities, but for the 


. manufacture of cement we could use equally well the white stone AS, 


which possesses very nearly the same chemical composition, and may be 


- pulverized almost as easily as the white olay. 


The rates are as follow :— 


Extracting raw materials, .. »»  L rupee per 100 cubic feet. 


Breaking ditto,  .. 4 annas ditto ditto. 
Carriage from Margohi to Dehree,.. es 5 rupees ditto ditto. 
Coolie labor, per coolie, .. .» from 2 annas to 2 annas 6 pie. 
Fire-wood per 100 maunds, os 12 rupees 8 annas. 

Coal per maund, ..  -«- -» 9 annas, 


Bucknour Quarries.—These quarries are 5 miles distant from Rohtas, 
24 from Dehree, and 1 from the River Soane. They are also at the foot 
of the hills, and the extraction is very easy. {[ found here a larger variety 


- Of stones and clays than at Margohi. 


The more hydraulic stones are those which are found on the surface of 
the earth, In excavating from 6 inches to 1 foot, you arrive at some 
beds of nearly pure fat lime, but in going in deeper, many varieties of 
marly clay are found, similar to those got at Margohi. 

I was enabled within a very small-space of ground to collect as many 
as eight different kinds of stones, and four of marly clay, varying from the 
fat lime to stone or clay containing even too much clay for being cement 
stones, which, however, could be used as puzzuolana. 

Analysis subsequently proved tu me that the specimen marked A48 
will produce a slow-setting cement, and its homogeneity will afford the 
advantaye of burning it in its natural state. 

These quarries have heretofore been worked only by natives who manu- 
factured fat lime and sent it to Patna. Some years ago they manufac- 
tured as much as 1,25,000 maunds in one year for the railway; but now 
the annual mannfacture varies from 20 to 25,000 maunds only. 

When the Soane Canal is opened, there will be every facility for the 
transport of cement manufactured at these quarries, owing to their vici- 


«” nity to the river. 


- ‘The rates at Bucknour are as follow :— 


“Extracting raw materials, .. oe o+ 1 rupee per 100 cubic feet, 
. Breaking ditto vo «= oe. soe «6S annas ditto — ditto. 
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Carriage from Bucknour to Dehree, .. 7 to 8 rupees per 100 maunds, 


Ditto ditto Patna, e+ 18 rupees ditto ditto, 
Coolie labor, per coolie, .. - .. from 1 anna 6 pie to 2 annas, 
Fire-wood (rather scarce) per 100 maunds, 7 rupees. 

Coal per maund, .. ae -- «+ 8 annas 6 pie. 


I think a patient and deliberate exploration of the range of hills from 

Margohi to Robtas, will lead to the discovery of several varieties of use- 
fulstones. I intend to carry out a careful research personally, if the Gov- 
ernment sanctions the construction of a small cement factory at Dehree. 
' ‘Dehree Division.—My inspection of the quarries of Margohi and Buck- 
nour, and the series of experiments I have already made on the spe- 
cimens from those quarries, confirm me in the opinion that this is, for the 
present, the best place for manufacturing both slow and quick-setting 
cements. 

Cement Experiments.—On the 19th of June, upon receipt from the 
Dehree Division of 160 cubic feet of the following materials, viz., yellow 
marly clay B6, white marly clay B7, white stone A8, and yellow clay 
B77, I commenced immediately the manufacture of cements, but instead 
of hiring monthly dr buying a soorkee mill, and an engine for pulverizing 
the materials, I found it more convenient, and comparatively less expen- 
sive to hire one of Messrs. Burn and Company’s soorkee mills at Bow 
Bazaar, at Rs, 18* per day whenever I require it. The materials were 
sent, and they were very easily reduced in soorkee mills into fine powder, 
and afterwards I had the following mixtures of raw materials made :— 


Ist ° { : Ly : a I In which the average of clay was 22 per cent. 
8 parts of B6 
2nd ody part of B7 } Average of clay 28 per cent, 


; (2 parts of B6 
8rd oot part of B7 Average of clay 82 per cent. 
(4 part of B77 ! 


These I put into vats of the reservoir, which I filled with water, and 
agitated the whole until the appearance of a perfect homogeneity. The 
water was afterwards allowed to flow off gently, and the deposit is now 
drying, and I hope, weather permitting, to see it arrive in a few days to 
a consistence sufficient to enable me to form cakes, &c. 

From all the experiments on a small scale I have hitherto made on the 
ghooting stones or kunkur, I feel convinced that it will be possible to 
make good cement with some of them. 

| * Including cont of coal, tindal, &. 
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The composition which seems to me at present the best and the most 
easy to burn for the making of a slow-setting cement is— 


2 parts of B6. 
1 part of B7, 
$ part of B77, 
It can be burnt near vitrification, and sets in ten hours. 


For another quick-setting cement, I consider the following composition 


the best :— 
8 parts of BG. 


1 part of B7. 

The cement produced from this sets in 35 minutes, and is very easy to 
use, as it does not set too quickly. It requires a slow heat, and conse« 
quently, not much fuel; it must be burnt only near to complete calcina- 
tion, and consequently ought always to retain a small quantity of carbonic 
acid. When too much burnt, if immediately used, it produces a very bad 
result as shown in sample 17A. of statement C.; but if instead of using it 
immediately it is left exposed for about one month to the air, some car- 
bonic acid returns, and it turns out as good as if not too much burnt; 
it takes only a little more time in setting. This result is shown by 
sample 17B. 

On account of this peculiarity it will only be necessary, after having 
taken out of the kiln the cement, which may often contain some portions 
too much burnt (which are very easily detected with a little practice), to 
grind and to leave them exposed in open sheds for a certain time before 
using them. 

The same peculiarity exists also in all the cements obtained from the 
different mixtures of the marly clays B6 and B7. 

Another example of it is shown in statement C. by the experiments of 
QivA, and 2ivB. 

As regards the quality of cement No, 17, I tried the tractile strength 
of a certain quantity burn for 100 hours comparatively with the strength 
of English Portland cement; the proces verbal on page xxii. shows the 
result of the experiments. 

I made also balls of mortars composed of— 


2 parts of sand 
No. 1 wf} part of cement No, 17; 


and 
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No, 2 1 1 Part of Pertiend cement. 

No. 1 put under water, two hours after being made, was not affected 
by the water, and since its hardness has been increasing very sensibly, 

No.*2 put under water similarly fell into pieces. 

As far as I can judge at present, the probable cost (including burning 
by coal) of manufacturing a cement equal to No. 17 at Dehree would be 
as follows :— 


RS, A. P. 
Extracting materials, ee es os 1 0 0 perl00c. ft. 
Breaking ditto, ee ee 040 , ~ 
Carriage of ditto from Margohi to Dehree, 500 y - 
Grinding raw materials, .. oe va 1000 , P 
Mixing and washing materials, as also mak- 
ing cakes or balls, oe oe - > 8 0 


Loading and unloading kiln, oe oe 2 8 
Grinding burnt cement, .. ee oe 15 0 
Wear and tear of bags per trip at 6 pie 

per bag, oe ee ee ee ee 3 2 0 


39 14 0 
20 maunds of coal at 9 annas per maund, 11 4 0 


51 2 0 
Contingencies, about 20 per cent., »» ee 10 0 0 


Total, 61 2 0 








I think that in using a flame-kiln of the kind described by Vicat for 
the burning of artifical hydraulic lime, we could burn the cement with 
fire-wood. 


In such a case the cost will be as follows :— BS. 
Extracting carriage, grinding, &¢., as above shown, .. 89 
83 maunds of fire-wood, at Rs. 12-8 per 100 maunds, . 4 
Contingencies, say, .. ee oe oe oe ee 10 0 0 


54 0 0 


As I have, in calculating the probable cost, used the higher rates which 
may hereafter be considerably reduced when the works will have assumed 
a certain importance, I may say that in case of coal being burnt, the cost 

yof the cement will not exceed Rs. 61-2 per 100 cubic feet, or 9 annas 10 
pie per cubic foot, or in round numbers 10 annas; but if fire-wood be used, 
the cost will not exceed Rs. 54 per 100 oubic feet, or 8 annas 6 pie per 
cubic foot. 


ro ia P 
oo 
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‘!.-\BBaperiments on the comparative tractila strength of Cement No. 17 and 
English Portland Cement (just imported and in very good condition ), 
. Cement No. 17.—Composition, { "Coe Part of white marly Say.” | Margoki 
Three bricks were joined together by means of a mortar made with this 
‘cement, pure, and were left exposed to the air for 24 hours. 
These were then put under water for 10 days, and on being taken out 
were left exposed for two days and 17 hours, and then tried, making a 
total of 18 days and 17 hours after the manufacture. 


Fig. 1. Big. 2. 
aA 0 
¢ 0 





I put the block held by the clamps as shown in Fig. 1, and loaded 
it with 1,065 ibs. The block stood without any apparent injury for about 
three minutes, and then the briek C. give way partially as shown in the 
aia figures. « 

Fig. 3. 


ta 


C. Section. | C. 





T made a new hole (m) in the centre brick and tried if again, 
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When loaded with 1,816 lbs., the joint (a) gave way, the first brick A. re- 
maining intact, and tke brick B. having a portion K. broken (vide figures) ; 
” Hig. 4. . Mig, 5. 

IL. 











NV ONS 
—INS > 





A, Plan. B. Plan. B. Section. 
the unshaded parts show the cement which remained attached to bricks A. 


and B; the shaded portion shows the cement joints separated in pieces 
upon the two bricks. 

The cement inside the joints was found very hard; the bricks were 
first-rate burnt bricks, but the bricks A. and B. (principally A.) were 
found sensibly better and harder than C. 

In putting the cement mortar between the two bricks A. and B., the 
precaution of putting an hollow part against a flat one not having been 
taken, two hollow parts being put together, air got within and left the 
hollow portion marked in dotted line in Fig. 5; the surface of that por- 
tion in which the mortar did not touch the brick was 8 square inches. 

The total area of the brick was 44 x 9} square inches = 428 square 
inches; deducting from this the 8 square inches above-mentioned, ba- 
lance of 842 square inches for the total surface was left, which may fairly 
be calculated to oppose resistance to the tractile strength, and it msy © 
consequently be said that weight of 87:87 per square inch was necessary 
for the breaking of the joint. 

Portland Cement. —The same process as the last answered for this 
experiment. 

I put the block held by the clamps as shown by Jig. 1, and loaded it 
with 1,148 lbs.; the brick C. broke, but at the same time a crack ap- 
peared in the joint 4, and I could separate the bricks B. and C. easily. 

The state of the breakage of the brick is shown in Fig. 6. 


Fig. 6. 
| oo | 
a es 
C. Section. C. Plan. 


I made a. new hole (m) (Fig. 2) on the brick B. and tried it again. 
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. When loaded with 1,086 lbs., the brick A. broke in the same way as the 


first one, but the joint remained intact. 
Fig. 7 and 8 show how the mortar remained attached to the bricks, 


Fig. 7. Fig. 8. 








B, Plan. 

A small piece of the brick ( 7) broke and remained fixed on the other brick: 

In joining these two bricks, some air got in algo, and left in the mortar 
a hollow portion, the surface of which was 1$ square inches; this being 
subtracted from the total surface of 422 square inches, the balance was 41 
square inches, It may, therefore, be said that a weight of 28 Ibs, per 
square inch was necessary for the breaking of the joint. 

Norz.—I stopped the experiments having the intention of trying the 
remaining joints intact when they become two months old. 
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Note by Lizvur.-Cou, F. T. Hare, R.E., Offy. Chief Engineer, Bengal 
Irrigation Branch. 


Mr. Dejoux’s experiments up to the present time seem to have pretty 
well established two points. 

(1). That a cement quite equal to Portland cement, as received in 
this country, can be made from a combination of a marly clay and a lime. 
stone found close together at the base of the hills skirting the Soane, 
from the Dehree Stone Quarries at Dhodand to Rohtas, a distance of 
20 miles. 

(2). That an equally good cement may be manufactured from the 
Sylhet lime and Calcutta blue clay. 

With regard to the first cement, Mr. Dejoux states that any quantity 
of the materials is available. The strata lie generally near the foot of 
the hills, which have a rather steep slope; but there will be no need to 
cut deeply into the face of the hill at any point, which would be expen- 
sive, as by going a little further along the hill more of the material can 
be obtained. 

Calculating on the data as to cost of extraction, carriage, &c., afforded 
by the works at Dehree, for which lime is now brought from Margohi 
(a point in the hills referred to, about 5 miles from the stone quarries), 
Mr. Dejoux thinks that the cost of the cement at Dehree would be about 
Rs. 61 per 100 cubic feet, if coal were used; or Rs. 54, if wood. 

The cost of carriage to Arrah by canal would be Rs. 8 per 100 cubic 
feet. 

From Arrah to Calcutta by rail the cost would be Rs. 40 per 100, 
and from Arrah to Cawnpore by rail Rs. 40. 

Thus the cost of the cement in Calcutta would be for— 


Carriage— 
Dehree to Arrah, ae ee ve ee ee 8 
Arrah to Calcutta, és ss ae 40 
Terminal charges, shifts, &e.,. ayes oe os os 10 


58 
Cost of ement at Dehree, ‘ie oF 60 
Total cost at Calcutta, .. es ee 118 per 100 c. feet. 
The cost at Cawnpore would be— 
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Carriage— . BS, 
Debree to Arrah, ee os ee oe ee 8 


Arrah to Cawnpore, ee ee ve ee oe ' 40 
Terminal charges, &.,.. + of oF «o 10 


58 
Prime cost, oe 60 


Total cost at Cawnpore,.. oe ve 118 per 100 c. feet. 
If the cement were sent by water all the way to Calcutta, the cost there 


would be about Rs. 100. 

The cost of Portland cement in Calcutta is Rs. 9 per cask, containing 5 
eubic feet, but there is always a wastage of half a cubic foot, so that the 
actual cost is Rs. 2 per cubic foot, or Rs. 200 per 100 cubic feet. 

Adding railway charges, the cost of the same cement in Cawnpore 
would be Rs. 290 at least. 

Thus the relative costs at each place would be— 


Calcutta— BS, 
Portland Cement, oe - és ag -» 200 
Margohi __,, oe oe os «» 100%0118 
Cawnpore— ; 
Portland Cement, oe oe oe as «» 290 
Margohi ” os ee ee oe ee 118 


These calculations seem sufficient to show that, if the cement can be 
made for anything like Rs. 60 per 100 cubic feet there would be a very 
extensive demand for it. 

Mr. Dejoux’s experiments with the cement manufactured from Sylhet 
lime have not yet gone far enough to enable him to judge what its cost 
would probably be, but he thinks it would be sbout Rs. 100 per 100c. ft. 

Mr. Dejoux also reports that some specimens of kunkur lime sent him 
by Captain Heywood, which came from a bed somewhere in the Shahabad 
District, not far from the line of the Arrah Canal, appear to form a 
natural cement. I am inclined, however, rather to distrust any natural 
cement produced from this source on account of the want of homogeneity 
in the material, and think that for the present operations had better be 
confined to the Margohi stone. 

I think there is now quite enough to warrant the commencement of 
the manufacture of cement at Dehree, or in that neighbourhood, on a 
small scale. The Soane works alone will require a certain quantity: and 
if the manufacture is limited, in the first instance, to their requirements, 
we shall probably, in the course of a year or two, by gradual improve- 
ments in the processes, arrive at a really first-rate cement. 


MARGOHI CEMENT. 


TABULAR STATEMENT A. 


Rough anaes of the Specimens which have been burnt for the purpose 
of making Cement. 


















































3 a ee Composition. Remarks, 
( |Carbonate of Lime 60°65 
| of Magnesia... 14 35 
B6 | Marly clay from g Oxide of Iron si 0-67 
Margohi, ee Silica... ast 
le Clay Alumina aes 23°38 
San see ove 1:00 
Total ou 100°00 
(\Carbonate of Lime ous 80:00 
| mn of Magnesia |Traces, but 
not appreci- 
B7 Marly clay from able. 
Margohi, ... vee } (Oxide of Iron e.| Ditto. 
| Silica ws acc|t con: 
\ | Sand aes re 00°00 
Total bas 100:00 
( :Carbonate of Lime 54:07 
of Magnesia 11 00 
cae stone from } ‘Oxide of Iron dies 1:33 
Al |Margohi, ... re a Silica ae. ees , 
Clay Alumina se 82:00 
‘Sand as seal 1°60 
Total ae 100:00 
ceed —_—nso | ae —— ee ee] 
( Carbonate of Lime rn 75°78 
|. .» of Magnesia 0-44 
a White lime-stone, bay . oo Sua es 0°50 
Margohi, ... «| |Clay ie te = 28°38 
(| Sand ons se 0:00 
Total wats 100:00 
Carbonate of Lime aes 81:34 | Hydraulic lime- 
Silica ves stone containing 
a ee ony { Alumina ve 16:00 | lime limites in 
Margohi, ... Sand tee oes 0°66 notable propor- 
ey Oxide of Iron... ie 2:00 | | tion. 
7 Total eee 100-00 
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MARGOH!T CEMENT, 

* 8 |. Materials from whence bo. ' 

g a ardeahias Composition Remarks, 

. Carbonate of Lime... 72°84 |) 

A48| Gray lime-stone |/Clay and Sand im 27°66 | | 
from Rohtas Hill, 24 {| (Feeble traces of Oxide \.Cement stone. 
miles from Dehree, {of Iron and Carbonate of [a 

Magnesia). J 
Total ...| 100-00 
Carbonate of Lime... 11 30 
r of Magnesia 0-70 |) 

B77 Yellow clay found Oxide of te eos i None. | Good for manu- 

at Margohi, «=. |Clay_ } Arumina = |} 82-00 rfacture of slow- 
Sand nes 2 6-00 | setting cement. 
Total | 100-00 | 


- 








(G8 .@ gs | CEE ees gee | O 


Carbonate of Lime _...| ) 
rs of Magnesia} > 77:00 
A7| Ghooting-stone Oxide of Iron ... gal.) 1:00 





from Dinapore, +». \ | ay eee on i 89-00 
Sand ees i Not appre- 

| ciable, 

| | a! 


Remarks about the preparation of the samples for cement, 


-1st,—The samples marked Nos. 1, 2, 8, 4, 5, 6, have been pulverized and passed 
through a sieve of 60 meshes to one inch. The proportions of each have been care- 
fully measured in volume, after being mixed in water ; the water was then removed 
by decantation, and the mixture left until formed into the consistence of a rather 
hard paste. Of this paste, balls were made of about 2} inches in diameter ; these 
balls were exposed to the sun for seven days and burnt in the small kiln with coke 


‘When taken out from the kiln, they were pulverized and strained through a sieve of 


60 meshes to one inch. 
The powder thus obtained was mixed with a little water and made into a rather stiff 

paste of which while a portion was put into a tumbler and immersed in water, of the 

‘a cake was made and left exposed to the air. 

} cement in water eventually was tested with the Aiguille of Vicat. 

L——The samples marked Nos. 9, 11, and 12 were not pulverized, but I put only 
the stones (well washed previously) in the kiln, and after burning sifted them through 
the same sieve of 60 meshes, 


MARGOHI CEMENT. 
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No. LXVI. 


FOURACRES’ HYDRAULIC BRAKE AND TUMBLER 
? SHUTTERS. 
[ Vide Plate Nos, II. and IV.] 


Under-sluices of the Soane Anicut.—In the plan now determined on, 
each of the three sets of under-sluices of the Soane anicut will be divided 
into 22 openings, each opening being 20 feet 7 inches in the clear; the 
‘piers between the openings will be 4 feet thick and about 80 feet in 
length, the tops of the piers being 10 feet above the level of the under- 
sluice floor, and 2 feet above the crest of the weir wall which is to be 9 
feet above the sluice floor; about the centre of each opening the level of 
the floor will be raised 9 inches, and thicker floor stones laid; the object 
of this is partly for the purpose of having heavier stones where the hinges 
are fixed, and partly to enable the shutters to lay singly on the floor, and 
to form a sill for the lower part of the shutter to rest against. 

Rach opening will be fitted with two shutters; the up-stream one A, 
is 21 feet 8 inches in length and 9 feet 9 inches high; this shutter is 
hinged at its lower edge and turns on two strong cast-iron gudgeons O, 
working in sockets built into the piers, the shutter being 8 inches longer 
than the width between; the piers will have, when vertical, a bearing of 
4 inches on either side against each pier; the piere are recessed to 5 inches 
deep for the extent required to enable the shutter to oscillate freely be- 
tween the horizontal and vertical position. At the back of the shutter 
are fitted 6 back struts, which are the principal novelty in the new system 
and answer the double purpose of supporting the shutter when vertical, 
and of breaking the force of concussion against the piers when it is sud- 
denly raised with 9 feet running,throughb, and with a head of 4 or 5 feet. 

Each back stay consists of two cast-iron socketa D and E, the first 
firmly attached to the stone floor, the other to the shutter; in the lower 





23 «= - povtaacnm’ tints staxa ayo toacimn severe 


“socket D, is hinged an iron bar F, 93 inches diamnster; in the upped : 

“dgdket Ei, « rough ion pipe G, 8} inches internal diameter is also hinged; 

Abe bar F, is inserted into the pipe G, and the to, thus form a teles= 

“‘gopio strat; on the lower extremity of the bar F, is @ collar H, and a 

"sing is shrunk on the end of the pipe G. When the shutter is vertical 

‘ these two are in contact, and the pipe G, thus forms a rigid atrat sup- 
porting the shutter at the back. 

., On the rod F, which is half an inch smaller than the pipe, are shrank 
‘Ey rings forming guides, and above the upper ring is fixed a leather 
packing similar to that of an hydraulic ram ; this packing makes the head 
of the rod a kind of piston similar to an upper pump-box, which, when 

“exposed to the force of the water, fits tightly into the hollow tube. 

In the pipe G, are two small holes; the lower one I, is about 4 inches 
above the leather packing of the rod F, when the shutter is horizontal 
and the telescopic joint drawn out to its utmost; the other hole K, is 
quite at the top of the pipe, a little above the leather packing when the: 
ehutéer is vertical, and the telescopic joint shut up as far as possible; 

The action of{j these back stays is as follows:—When the shutéer is 
down and the telescopic joint drawn out, the water running through the 
sluices enters and fills the pipe G, through the holes I, and K, and 

_ also probably past the piston, for the leather packing is such, that it be- 
comes loose as the rod is drawn out; the pipe is thus full of water, and 
ga soon as the shutter begins to rise, and the telescopic joint consequently 
to shut, the leather packing being opposed by tke water in the pipe be- 
- somes tight and fits closely to the interior of the pipe; the water is there- 
fore forced out of the first or lower hole I, which is larger than the upper 
ane, and consequently more easily permits the efflux of the water; thus 
when the shutter first commences to rise there is little opposition to ‘its 
mévement, but when it has risen # short distance, and the leather packing 
 $ms slid past the hole I, all the water remaining in the pipe has to be 
| expelied through the smaller hole K, and consequently a greater resiet- 
nee is opposed to the shutter, which comes up gradually te the vertical 
ou, violently expelling the water in a jet from the small hole, © 
a (he ‘éppended report by Mr. Kimber, Executive Engineer, Cossye 
on experiments with a model shutter, abundantly prove the per- 
trot guoctesful working of this form of back stay. : 
h # oc ee pea plese socte 
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the pier) is fixed to retain the shutter in 9 horizontal position, until it is 
required to be lifted. ~ 
The down-stream shntter B, is the ordinary single tumbler shutter 
designed by Mr. Fouracres and now in use on the Cossye anicut at Panch- 
koorah. This shutter is 20 feet 7 inches long, and 9 feet 9 inches high, 
fitting between the two piers without any recess; on the front side of this 
shutter are seven tension bars M, which are hinged in cast-iron sockets N 
and O. The shutter oscillates about the centre of the pin at N., and the 
tension rod M. about the centre of that at O., so that when the shutter 
falls down-stream the lower part slides along the floor towards O., and 
finally sinks into the horizontal position shown by dotted lines in the 
drawing. 
The socket N is attached to the shutter some few inches below the 
centre of pressure when the water is at its highest, so that when the level 
-ig such as to raise the centre of pressure sufficiently above the centre of the 
socket N, and to overcome the friction of the lower edge of the shutter 
on the floor, the shutter falls into the horizontal position and the water is 
free to pass through. 
A catch P, at each end of the shutter retains it against any head that 
| may accumulate on the up-stream side,.and a crank catch U, fitted on ite 
lower edge will counteract any strain which may be thrown upon the 
shutter by an alteration of the centre of pressure caused by an accumula- 
tion of water on the down-stream side. Two vertical bars Q with a catch 
, at their lower end, keep the shutter from floating and shifting about when 
water is rushing through the sluices. Pieces of kentledge R, are also 
fastened to the front of the shutter as shown on the drawing, to keep it 
ateady and to prevent it from being raised by the water until catch Q is in 
gear. The clutch U, is simply a bar of square iron hinged to the lower 
edge of the shutter and slightly cranked near the centre; when the shut- 
ter is raised, the crank or joggle in the bar falls into the casting W, 
which is provided with a lug to catch it immediately below the crank 
clutch and’ sliding in the same casting is a longitudinal bar X, which 
‘can, be moved backwards and forwards in bearings provided for it, by 
neans of the long lever. ¥, fixed at the end of the pier; on the top of 
this: par’ are small inclined planes or wedge-shaped protuberances, which, 
“ihe J ihe bar is maoved horizontally, force the clutch bar U, out of the 
catdh'pe Ing on the castings W, and the shutter is then free to fall. 
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“Sia each of the shutters is a small sluice 8, which oan bs opened by hand 
| + will. 

| An front of the up-stream shutter is a groove oT, cut from top to bottom 
“of the | pier, into which logs of timber can be dropped any, time when 
repairs are necessary to the shutters, or in case of accident aaa 
them from being lifted. 

During the whole of the dry season, in order to retain the water in the 
weir pool, it will be most convenient to leave the up-stream shutter, which 
will be quite water-tight, standing: when the freshes are expected and it 
becomes necessary to make arrangements for opening the sluicés, the 
back shutter is raised by men who can with little difficulty lift it from 
behind; or if it be thought necessary to employ a less number of men than 
would be required to lift it by hand, a double purchase tackle can be 
easily rigged in eyebolts fixed to the upper and lower shutters for the 
_ purpose. When the back shutter is up, the top catches P, and the lower, 
clutch U, are fastened ; the small sluice 8, in the front shutter is then 
opened and the space between is filled with water; the pressure of the 
water being now borne by the lower shutter, the upper one can with ease 
be lowered and fastened by the catch L, in a horizontal position. A day 
or two before the freshes are expected, the catches P, and U, of the back 
shutter are unfastened ; so that when the freshes come down and the water 
in the river rises to the top of the back shutter, it will-upset of its own 
accord, leaving the vents clear. 

At the end of the floods or at any time when it is required to raise the 
shutter, it is only necessary to unfasten the catches L. of the front shutter 
which will float up of itself until it encounters the impulse of the stream, 
which will in @ very short time raise it into its vertical position; .the 
shock always so disastrous with the French shutters in use in the other 
under-sluices is entirely removed by the tase action of the hydraulic 
brake struts. 

Whenever it is necessary to raise or lower the shutter, the above aie 
Hon must of course be repeated. 

“She advantages of this system over the old Frensh plan are— 

_L—That the heavy wooden beams from end to end-of thé siuicts, 

_ the ponderous cast-iron shoes required for the back stays and 
wrought-iron hinges, the front and rear disengaging ‘eluteh. bars, | 

"'. + gnd the large bolding-down bolts, are entirely dispensed with.’ 
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Il.—That the front shutter being the one that retains the water during 
eight months of the year, all the working parte can be easily 
got at for repair, painting, &c. 

ITI.—That the piers being so close to one another, timber beams can 


at any time be dropped into the front groove for the purpose 
of effecting repairs. 


0. F. 


Memorandum of experiments conducted at Midnapore on the hydraulic 
brake shutter, the invention of OC. Fouracnzs, Esq., Executive Engineer 
of the Dehree Workshop Division, proposed to be used in the Under- 
slutces of the Soane Anicut. 

These experiments were made on the 29th and 30th April, 1872, in 
the under-sluices of the weir across the Cossye at Midnapore, and conduc- 
ted by a Committee composed of — 


Mr, J. Kimber, Executive Engineer,” Cossye Division. 
» ©. Fonracres, ,, 3 Debree Workshop Division. 
» od. H. Apjohn, Assistant ,, Cossye Division. 

,assisted by , A Snedon, Sub-Engineer. 

The place of experiment was a vent of 5 feet wide of the full height of 
the pond caused by the weir; the longitudinal or up and down-stream 
section is given in the accompanying Plate (IV). 

The depth of water on the up-stream side of the vent was 5 feet, and 
on the down-stream nothing. 

The vent is closed at the up-stream entrance by a large shutter, which 
is capable of being lifted wholly out of its grooves making all clear; in 
this sluice and near its bottom edge is a small sluice giving an opening 
of 2 feet square. 

By rectangular holes in the walls of the vent close to the floor, means 
are affurded for fixing temporary timber sills for experimental purposes. 

The shutter to be experimented on was 54 feet high, with a clearance of 
about 1 inch on each side and was hinged in the first instance by two, and 
afterwards by three, iron hinges to a sill timber previously fixed for the 
parpoge ¢ the shutter falls up-stream wards. To the back of the shutter 
ig hinged at about 18 inches below its upper edge a piece of boiler tube 
94 inghes diameter, and to a sill timber 4} feet in rear of the shutter is 
hinged a plunger which works in the tube. The plunger and tube together 
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form «rigid strat and support to the shutter when in an upright position. 
The fore end of the plunger is furnished with a leather gland like that of a 
pump bucket which permits of easy withdrawal of the plunger, but expands 
‘to internal pressure, which expansion prevents any escape of water along 
the sides of the plunger; the greater the pressure in feet, the tighter the 
apparatus is in this direction, At about 15 inches in rear of the plunger 
head is made an enlargement easily fitting the tube merely to serve as 6 
guide to keep the plunger and tube in a true line when in action, When 
the shutter is prone, the plunger and tube hereafter called the brake, is in 
its most extended condition, and when the shutter is up, it is in its most 
contracted. In the most extended condition the brake is supposed to be 
elways under water, and by means of a hole in the tube, about g-inch 
diameter, just in front of the plunger the tube becomes filled with water. 
Another, but very small hole, pierced in the top of the tube‘is for the 
exit of the water, while the shutter is rising, and the brake in action. 
The action of the shutter—~The shutter being in its prone position 
with the stream running over, it has by its buoyancy first, and then by 
the action of the stream, a tendency to rise or turn about its hinges, and 
but for some contrivance would fly back with very great violence. This 
violence may be in some measure appreciated when it is stated that the 
chains of the same size of shutter forming the front set of the double 
French system in the Midnapore under-sluices are frequently broken, and 
these chains are J-inch stud-cables, tested to a strain of 10 tons, and 
there are two of these chains to each shutter. The shutter in rising 
presses upon the tube which closes slowly upon the plunger, while the 
water is forced out of the smaller hole mentioned. The absorption of the 
force required to expel the water tn front of the plunger of large diameter 
through the smaller orifice constitutes the brake action, The greater the 
disproportion between the diameter of the tube or plunger and that of this 
hole, the slower the process. At first starting from its prone position, a 
slight advantage is given to the rising tendency of the shutter by the 
relief given to the tube by the larger hole near the plunger, until the 
tmaoment that the plunger passes it. This hole permits of a very short. 
travel by the plunger until it is covered, as it would not do fox the shutter 
_ _gsin much way without the full check offered by the brake. - 
On the 29th April.—let experiment was with the small yont 2 feat. 
square.only open which yielded a stream of water 1§ inches. deep on the 
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shutter running at a velocity of 10 feet per second as taken by the 
eurrent meter. The shutter on being released rose in 15 seconds, rising 
as the head accumulated on it without the slightest shock. The water 
being shut off the shutter was again laid prone, 

2nd experiment.—The whole vent was opened, but on releasing the 
shutter, the hinges gave way, putting an end to the experiment; and the 
remainder of the day was occupied in putting on stronger hinges and re- 
placing the plunger rod in part by iron of larger diameter. 

On the 80th April everything was re-fixed and the smaller hole in tube 
enlarged to }-inch. 

lst experiment.— With the small shutter of vent opened, and other con- 
ditions the same as in the experiment of previous day, the shutter rose in 
less than 10 seconds without any shock whatever. This was repeated half 
a dozen times with the same result. 

2nd experiment.—The vent was fully opened; the stream ran 84 feet 
deep with a velocity of 10 feet per second over the shutter as taken by the 
current meter, The shutter on being released rose in less than 5 seconds 
without the slightest shock or hitch of any description. The actual head 
of water in the pond above the vent was 5 feet. 

It is to be mentioned that the shutter was fixed at 6 feet from the down- 
stream end of the vent where there is a clear drop of 9 inches to the rear 
apron of the under-sluices; where again there were only a few inches of 
water at the time of the experiments. 

It will be observed that the shutter has been exposed to conditions which 
are never likely to occur in actual practice. In practice there would always be 
a certain depth of water in the rear to relieve the accumulating head in front. 

The conclusions are, that the application of the principle of the hydrau- 
lic buffer (to be here called the hydraulic brake) has been perfectly success- 
ful. It is probable that some improvements may be found in the replac- 
ing of the plunger by a less perishable material, but this is a comparatively 
unimportant matter of detail. The principle can be applied to a shutter 
of any dimensions consistent with proper proportions of strength and 
dué attention to the proportion between the diameter of- the planger and 
that of the smaller orifice of discharge from the tube. 

It appears that any appreciable period short of instantaneous action is 
sufficient to prevent any shook. 

. J. K 
VOL. Il—=SECOND SERIES, G 
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No. LXVII. 


EASTERN GANGES CANAL. 
[ Vide Plates V. and V1. | 


(Compiled by Editor), 


. Tux tract of country between the Ganges and Ramgunga Rivers, forming 
Western Rohilcund, and comprising the districts of Bijnour, Moradabad, 
and Budaon, having euffered severely from droughts, projects for irriga- 

ting this ‘doab’ from both the rivers were taken in hand under the gene- 
ral direction of Mr. J. L. Parker, C.E., Superintending Engineer. In 
1869, the earthwork (in part) of 18 miles of the projected canal was 
executed as a “famine relief work; ” and in connection with the submis- 
sion of the Estimates for this Earthwork the subjects of the proposed 
volume, and system of distribution of water supply of the canal, (desig- 
nated the Eastern Ganges Canal,) were discussed in the correspondence 
between the Supreme and North-Western Provinces Government, 

All the discussions on these, and collateral, subjects are very interest. 
ing to the Hydraulic Engineer, but they cannot be reproduced in this 
journal tn extenso ; the following extracts however will sufficiently exhibit 
the several views held by different Engineers, and the arguments adduced 
in support of these views: and will, it is hoped, be found well worth per- 
usal and careful consideration. 

‘. The appended Map (Plate V.), shows the general, proposed, direction 
and arrangement of the main lines, and larger distributaries, with suffi- 
cient accuracy to illustrate the references in these extracts of correspon- 
dence. It is reduced from a map originally compiled by Mr. Parker, 
qwhen surveying for a canal from the Ramgunga in 1856. The map 
does not however show the “perennial channels” on the right and left 
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on the main canal, the proposal for which forms the principal subject of 
discussion in the correspondence. These may be imagined to run more 
or less parallel with the main canal below the 30th mile, and with the Sum- 
bhul and Amroha Branches, at the distance of a mile or two on both right 
and left sides. 

It will be understood that all reference to many letters, reports, &., is 
entirely omitted, and that some of the subjects discussed in the papers un- 
der consideration are also ignored tn toto in these extracts; which deal 
only with the arguments, &c., bearing on the questions of “ volume, and 
system of distribution, of water supply” in the proposed canal. 


Chief Engineer (Irrigation), N. W. Provinces, 9th December, 1869. 


The following is a Statement of the Scope and Design of the Canal. 
It has been determined by the Government of India that a volume of 
water of not less than 1,000 cubic feet a second shall be contrébuted from 
the Ganges fur the irrigation of this tract in the rubbee season, because 
the Ramgunga is unable to supply the full demand, and because the want 
is shown by experience of rain-fall in the last two years to be even more 
urgent in Bijnour, Moradabad, and Budaon, than in the Districts on the 
right bank of. the Ganges. 

The total area irrigable, then, from the Eastern Ganges Canal alone, be- 
ing shown to be 8,152 square miles (or 2,016,000 acres) in extent, half (or 
1,008,000) must be considered irrigable in rubhee and half in khureef. The 
duty in rubbee looked for by Government of India is 200 acres per cubic foot, 
and the proportion which it is desired to irrigate everywhere is one-fourth of 
the area under cultivation; therefore aed = 1,260 cubic feet a second 
of discharge, will be requisite to fulfil the conditions; and this amount 
we must be permitted to take from the rubbee supply of the Ganges when 
the right bank is getting its 6,500. 

But for the khureef our supply is happily larger. The Ganges rose 
this year at Asufghur on 17th May to 13,846 cubic feet: it rapidly in- 
creased to three times that amount, and any: in October the volume 
was over 65,000 cubic feet. 

So there is as much as we want available for the whole season of rice 
irrigation, which may be taken from 25th May to 30th September. It 
would be unwise to neglect this benefit in a country peculiarly adapted to 
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uF ho, cultivation of rice, which already is the favorite staple and chief arti. 
a gla of food in Bijnour; it is therefore proposed to provide for a supply 
gl 4,500 oubic feet a second in the khureef. The Government of India 
“5: {ptpposes 100 acres as the khureef duty of a cubic foot of water; bat we 
oF ‘gaunot attain those results when rain-fall is so light as in the districts 
“<, gnder consideration, and 75 acres per cubic foot is quite the outeide duty 

.. sthich is possible in this case, supposing an average variety of kbureef 

produce to be grown. To irrigate one-fourth of the area at this rate, 

would require 3,860 cubic feet; but we have taken a larger quantity, first, 

because, if a larger proportion of rice is actually grown, the duty, as our 

experience shows, will be much Jess than 75 acres per cubic foot, and fur- 

ther, because, on the design adopted, the enlargement of volume only 

"affects the cost of the canal in respect of earthwork, and of the masonry 

works on the first 80 miles; as below that point, the main canal, as 

froreafter explained, is a khureef canal only, with very few masonry 

_ pridges. 

The design, then, submitted for sanction is for a canal carrying :— 


Rabbee, ee ee ee ee ae 1 250 cubic feet. 
Khureef, ee as ae ae 4,500 ditto. 


The water is worth :— ' 
Water-rate, 
c ft, Duty. Ra Ra, 
Rubbee, .. ag 1,250 x 200 x 190 = 4,758,000 
Khurreef, 4,800 «75 «225 we 759,875 
Add 8 per cent., miscellaneous, 7 = 98,750 


Total net income, .» 18,88,125 

The whole direct income is reckoned net; because there is a further 
landlord rate obtainable of not less than one rupee an acre, which more 
than provides for “ working expenses.” 
' The estimated cost of project is Re. 77,82,856, which does not include 
mill-houses, or plantations, on which “‘ miscellaneous revenue ” is calcu- 
lated. I would take 90 lakhs for outlay and 18 lakhs for revenue, which 
would yield 14 per cent., double the “ factor of safety ” adopted by Gov- 

_ Having thus justified the project, it remains to explain it. 

-Etis proposed to establish the heads at ‘“ Shampore, ” where the boulder 
| ‘et ef the Ganges, broken by islands into several channels, admits of 
c ‘obesity being lead into the canal without expensive works. This is not 
A dunt % any point lower ia and from Asnfgurh boulders disappear ; 
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whilst higher up, there is no place where the climate allows people to 
remain all the year, ag they do at Shampore, to the number, it is said, of 
, about 100. 

| Hom a head so placed, the water, after passing through one mile over 
60 fect of digging, three miles over 50 feet, and one over 40, comes to 
the surface of the ground about the 21st mile, and commands the whole 
ef the irrigable area of the country. At the 30th mile the difficulties are 
at an end, 

im this distance, five hill torrents are encountered, none of considerable 
length of course, or very large volume, and all running on boulder beds. 
‘It is proposed to divert the first two away from the canal, to pass the 
two next over, and the fifth under the canal. With boulder foundations 
and boulders to furnish stone and lime, these works will not be expensive. 

At the 80th mile the canal hitherto undivided will break into three— 


1, The left perennial channel carrying ie oe 992 cubic feet. 
2. The right perennial channel carrying . .. oe 285 sy, 
8. The main (khureef) canal carrying : »» 2,946 


It will be seen that the capacity of 1 and 2 equals the whole rubbee volume ; 
no water, therefore, will pass down the main canal below the 80th mile, 
excepting during khureef. 

The rubbee firrigation will be carried out from the perennial branches 
with the help of minor Rajbuhas, one for each minor ‘‘ Doab,” as shown 
in map (Plate V.) accompanying. And the khureef irrigation will be 
afforded by the same channels; with this difference only, that as in khur- 
eef the expenditure of water per hundred acres, and therefore per mile of 
channel, is more than double thesexpenditure in rubbee, it is requisite to 
re-inforce the perennial channels from time to time by feeders taken from 
the main channel, which during khureef will be running fall. The main 
channel is thus a large supply channel only, dry during the rubbee season. 

It is proposed to have no bridges on the main canal below the 80th 
mile, save where it is traversed by district or imperial roads, and to make 
all the works of an inexpensive character: paved inclines in dry season, 
and ferry boats in rainy months will accommodate the scanty traffic on 
purely village roads. 

The perennial and minor channels will have a fair proportion of bridges, 
and be finished eapals. 

Jt ig proposed to have no navigation from the heads to the crossing of 
the Nujeebabad-Bijnour road at about the 29th mile; as the fall being 


_ te ~ 
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_Sapld, , many loiks would be reqnisite, and little else could enter the Canal 
et tihber, which may find its way-down the Ganges. 

_ “Arid from the 80th mile downwards, it is proposed to have only one 
‘suivigable channel, viz , the Chundowsee perennial line, which will connect 
“ Wageonah, Nujeebabad, Bijnour, and Amroha, with that important mart. 


as there is an average fall of two feet per mile all down the country, the 


‘saving of large numbers of locks on other channels will be a very consi- 
“derable item. 
Navigable junctions from Chundowsee to Moradabad, and Chundowsee 
to Canal Dam at Rujghat, are contemplated but not yet investigated, 
Below Chundowsee, on the line of perennial canal, there will not be suf- 
ficient water for navigation. 


Government of India, P. W. Department, (Irrigation, ) 18th March, 1870. 


The Chief Engineer now proposes to fix the volume of the canal at 


- 1,250 cubic feet per second in the cold weather, and 4,500 cubic feet in 


the rains. He has calculated the supply of water required, by taking 
one-fourth the whole actual area commanded by the canal as the proper 
proportion to which the means of irrigation should be given, and by assum- 
ing that the area of khureef and rubbee crops irrigated should be nearly 
eqnal, As the whole area is somewhat over two millions of acres 
(2,016,000); this gives 252,000 acres as the computed area of each crop 
to be irrigated; and, allowing 200 acres per cubic foot for the rubbee, and 
75 acres for the khureef, the discharge required in the two seasons, namely, 
1,260 and 8,860 cubic feet per second is arrived at. But as it is expected 


. that a large proportion of the khureef crops irrigated will be rice, it is 


considered advisable to reckon on a lower duty than the above from the 
water, or what is the same thing, to allow a larger supply for the given 
area. The quantity considered suitable by the Chief Engineer is 4,500 


cubic feet, which gives 56 acres per cubic foot. 


, The anticipated ‘returns are— e 
Rubee, .. .. 1,250 x 200 x 1:9 = 4,75,000 
Khureef, e+ 4,500 x 75 x 2:25 = 7,659,876 
Miscellaneous, © .. es se 98,750 


| ‘hy $6 acres only were irrigated by eath cubic foot of the khureef supply, 
-’:i'anay be concladed that a proportionally higher water-rate would be: 
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levied, and that the gross return would not be affected. It is estimated 
that the additional landlord rate, which would be levied from the irrigat- 
ed lands, would suffice to cover the cost of maintenance. The above would, 
therefore, represent the ultimate net income to be obtained from the 
canal. 

The estimate of cost, as now submitted, amounts to Rs. 77,82,856, 
(£778,285), not including outlay on mill-houses and plantations, nor ap- 
parently on navigation works, from which the additional income of nearly 
one lakh of rupees is to be derived. Allowing for these omissions ap- 
parently, Re, 90,00,000 (£900,000) are taken as the total probable cost 
of the works, 

There does not appear to be any provision for disposing of local drain- 
age below the 30th mile of the main channel, though it is certain that a 
considerable outlay would have to be incurred for this purpose if the pro- 
posed designs were adopted, since all the drainage and surplus irrigation 
water from the fields between the main lines and the proposed east and 
west rubbee canals, would have to be passed across the latter. Allowing 
for those omissions it may not be unreasonable to suppose that the cost 
of the works might reach £1,000,000. The net income would be 18} 
per cent. on the capital, which in a general way is quite satisfactory. 

But His Excellency the Governor-General in Council is not satisfied 
that the proposed method of dealing with the distribution, by means of 
separate channels for the rubbee or permanent supply, and the khureef 
or intermittent supply is the best possible. Apart from the objection 
above-mentioned, which is a serious one, and calls for special explanation 
as to the proposed manner of dealing with the intercepted drainage of the 
tract between the canals, the Governor-General in Council doubts the 
expediency of the general system proposed. At all events no attempt has 
been made to prove that it is the most advantageous, and in so important 
a matter His Excellency the Governor-General in Council cannot accept 
recommendations of the local Engineers which are not supported by any 
argument or proof. 

What they suggest is to provide a special series. of channels able to 
carry about 1,250 cubic feet per second, and another set to carry 8,000 
cubic feet. : 

From the head to the 30th mile there is to be a single channel, and no 
remark is called for. At this point the canal divides into three, The 
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EGY Tine is fo carty the Khureef supply only, 2,946 cubic feet, thé side 

: dette 285 cubic feet and 992 cubic feet, respectively, or togcthes 1,297 

lhe feet, which is the rubbee or permanent supply. The differences 

“Aileen. the above and the fall volumes 1,250 and 4,500 cubis feet, are to 
" be tsed above the 80th mile. 

“How, it seems to His Excellency the Governor-General in Council that 
i Ghsnnel that will carry 1,227 cubic feet may quite easily, and with com- 
patitively emall extra expense, be made to carry double that volume, say 

_ 2,500-cubie feet per second, so that the supplementary channel neéd only 
be made to carry 1,700 cubic feet, instead of 2,900 cubic feet. A little 
addition to the rubbee channel would apparently admit of its carrying the 
whole of the supply proposed to be put into the khureef canal, say 8,000 
cubic feet, leaving 1,500 only for the supplementary line. 

It appears to His Excellency in Council that if this course were fol- 
lowed, the canal could be constructed in the ordinary way on the proper 
water-shed of the country, the permanent canal taking the line proposed 
for the khureef canal. Thus all interference with the natural drainage 
would be avoided, which the Governor-General in Council considers to be 
of the most essential importance. 

The supplementary khureef supply could be arranged hereafter, per- 
haps to some extent on the plan now proposed for the rubbee supply. But 
His Excellency in Council is strongly inclined to have the works carried 
out, in the first instance, on the basig, of a single line of canal to carry 
1,250 cubic feet per second as a permanent supply, giving it as much ad- 
ditional capacity as can be conveniently and economically arranged, and 
leaving the additional khureef supply, in excess of the quantity that can 
be carried by the main canal, to be dealt with separately hereafter. 

Various ways of doing this might be suggested. One, which seems 
quite feasible, is to turn the extra supply into the Ban or Gangan, and 
‘let it find its own way down the country, passing it into some of the other 
drainages and having suitable weirs on those drainage lines to admit of 
its being taken out again at convenient places for irrigation. It is pro- 
bable that all that is ‘heeded could be done in some euch way without any 
interference with the surface drainage. It is understood that the rivers, 

-mgntioned are not in deep beds, at least as far down as Moradabad, and 
: wed, it is believed, be quite manageable int the way suggested. 
‘Qa the whole, unless it can be proved that a very distinct advantage 
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AE the gained by the use of the double sat of channels, His Eapellency 
Se Afoaodll will ptefer'the adoption of the more common plen of distribu- 
fan wf the water, which will certainly be under more complete command, 

tisk of injury to the country by obstructing the drainage,—a 
risk in the tract in question seems to be unusually great... 

I oat foriher to request that, on the re-submission of the estimates 
with the emendations now suggested, information may be furnished a¢ te 
the géheral condition of the drainage of the districts to be influenced by 
‘the Eastern Ganges Canal; and that it may be shown that the effect of 
the canal water upon it has been fully considered and provided for to a 
suitable extent in the estimates. 










Chief Engineer (Irrigation), N. W. Provinces, 16th July, 1870. 

Capacity of Oanal System.—A maximam monsoon supply of 4,500 
cabic feet was, and is yet, recommended, becanse— 

1. It is easily available. 
$. Because if much rice is grown, as is in every way probable, the 
duty obtained per foot of water will in this region of sand and 
light loam be so much less than the standard of the Govern- 
ment of India as to employ the greater quantity proposed, 
even though the proportion of land irrigable every year be 
vt estimated at one-fourth only of the whole culturablé area. 

‘The Government of India appearsso consider the duty which the mon- 
2oom supply of water would render under these coriditions, viz., 56 acres per 
Took, to be toe little, and directs the adoption of 8,600 cubic fest as the 
limit, giving a duty of 84 acres per foot.. 

On three additional considerations I would earnestly recommend that 
the volknue of water originally proposed be not diminished. 

Pivet.—-That the assignment of one-fourth of cultivated or cultarable 
atte a6 tho limit of yeurly irrigation, is an estimate of the amount requi- 
tke to save « country from famine; but it is quite fallacious as aw indica- 
ttm of the winks of tie people. On the Ganges Canal there ngver yet 
‘tals heen o pniliebengy.of water anywhere to meet all demands; but the 
idilewing Sigwive, pitnting to the Eastern Jumns Canal, where tater ts 
Teather niord abundsad, (which are extracted from the Ceusas Report of 
Maith-Westarn Provinces as regards aress, and from the Canal Revenue 
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Retort as regards. areas irrigated in 1868-€9,) shows what saiecl i 
iiigate when they get a chance :— 


sad 





AREA IN ACRES. 
| Per oint. of Cans! nal teri 
Coltivated | Canal-trriger oe oom 


Sivarunpore, - mn oe | 58,240 88,782 |‘ 57 per cent. 
pore, e686 ee ee ee 58,880 42 904 73 
Chamilee, oe oe oe ee 45,440 * 10 680 28 2 
Bendis, ae oe oe Sst | «= 49,920 25,857 a ia 
wprowlee, .. ig a Ae 87,120 17,206 4 
ote, ee ee ee ee 89, 040 27,058 69 99 
Baghput, .. és a + 96, 640 27,288 28 —=Ci«, 








N.B.—It is only in Pergunnah Rampore that rice is the staple of 
Khureef cultivation. Sugar and cotton are the chief produce of other 
pergunnahs. The Bijnour, Moradabad, and Budaon Districts, traversed 
by Eastern Ganges Canal, grow rice and sugar already, and will grow 
indigo, the people say, when they get water. 

In certain pergunnahs in which well-irrigation is most largely and 
auccessfully practised, 80 per cent. of cultivated land is irrigated annually. 
There seems to be no good reason why canal-irrigation should not attain 
the same development when water is abundant, and then what shall we do if 
the masonry works of the canal, for which 4,500 cubic feet a second is 
easily available, have limited supply to 8,000 cubic feet ? 

Second.—That the loss of volume from pereolation on the Ganges Canal 
appears at this moment to be not less than 80 per cent. on discharge; 
thet canal passes through but a few miles of bhoor land, which on the 
Bastern Ganges is the staple. 

The oversight of this point was an omission in the first report, which 
I am most anxious to rectify, as it is a consideration of the saddest im- 
portance. This reduction would make available supply 8,150, which 
agrees practically with the Government of India limit. The Ganges 
1 has now been sixteen years at work, without the leaks which so 

it being discovered and staunched either naturally or artificial 

ea No doubt percolation will diminish in process of time, and in that 

. we may fairly reckon that a demand will atise for Hastern Ganges 
, Canal water, which will fully tax 4,500 cubic feet. - : 

at A Thirdly—A flaw has been found in the scheme for makirig’ the canal 

° the Ramgunge independent of the Eastern Ganges Oanal. Rising 


ri 
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djl vate ail ieieedeaine no snow water, the monsoon 

ihe of the Ramgunga does not swell until local-rains fall-¢ or not), 
: sore time between 20th June ‘and the 18th August, too late to assist the 
pripatation and sowing of indigo and rice crops, and useless, of a for 
“the gtowth of sugar. 

. 16 will, therefore, be ‘the sheapeat plan:to give the Ramgunga Canal 
shows ‘ite crossing of the Gangan a capacity regulated by. the available 
rubbes supply, which, as before proposed, will be applied to the: whole length 
of the canal, a requirement which it can feirly meet. The upper part of 

‘this canal, down to the Gangan, filled from the Ramgunga, will carry 
khureef supply for that length only; the lower section, from the Gangan 

downwards, must be supplied by a channel from the Amroha Branch of 
the Hastern Ganges Canal, which can be carried at the requisite level 
pataliel to the Moradabad road. This will abstract 700 cubic feet of khur- 
cef supply from the main canals. 

It may be thought ‘that too much has been proved, and that 4,500 
‘cubic feet now appears to be too small a quantity. I must admit it is s0, 
bat the Ganges gauge retarns at Asufnuggur show it as much as we can 
depend upon getting in time for indigo and rice sowing: and the volume 
‘obtainable for sowing operations is enough for further cultivation. There- 
fore, I wodld limit the capacity of canal to 4,500 cubic feet as designed. 

‘Mr. Parker arrives at the same recommendation of 4,500 cubio feet, 
by considering that one-third of the cultivated area requires water 
annually. « 

“Distribution. —His Excellency was not satisfied that the proposed 
“method of dealing with the distribution, by means of separate channels 
for the rubbee or permanent supply and for the khureef or intermittent 
apply is the best possible, and it is remarked that whilet the Local En- 
' ginvors. do not support their recommendations by argument or proof, the 
acheme is lishla to objection as causing interception of ‘drainage, and His 
Excellency is. strongly inclined gp have the works carried out in the first 
_ fnatance on the basis of. 8 siagle line of canal to carry 1,250 oubie: feet 

ae '€ poretanent supply, with as much additional capacity as ani “be con- 
Vehiontly ‘and eoondhzioally arranged, leaving the balance of f khureet pEly 
‘tobe dealt with separately herestter. : 

: . Engineers are agrted that the monsoon.supply of a cond in the North- 

| Wester. Provinces cannot comveniently:be mach more. thin double the 
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dry-weather supply. Such a catial, therefore, as is here proposed by the 
Government of India, would carry 1,250 and 2,500 cubic feet in the 
several seasons. This plan of distribution, it is said, will bring the water 
of the canal under more complete command than that proposed by the 
North-Western Provinces Government. 

It is observed that a little addition to the rubbee canals as designed 
to carry severally (now) 710 cubic feet and 235 feet (not 1,227 cubic feet 
collectively) would enable them to carry 3,000 cubic feet, leaving 1,500 
only for a supplementary line; but whereas the bed of the 710 cubic feet 
rubbee channel into which only 5 feet depth of water enters at natural 
flow, is but 43 feet wide; the khureef supply of 3,000, though running 
9 feet deep, requires a bed 105 feet wide at bottom. The latter is a canal, 
the former are but rajbuhas. It does not appear possible to accommodate 
such different volumes in the same bed; the rubbee supply in the larger 
bed would be but a foot deep, and would very soon be lost by peycolation. 

It is held, I believe, by some authorities that the right system in such a 
case is to dam up the rubbee water in the large channel until it attains a 
depth approaching that of khureef supply, and of course commands all 
irrigation outlets, and when the tract thus commanded is watered, to re- 
move the dam lower down, and thus carry a full supply step by step down 
the canal. This may be practicable enough in deltaic regions, where there 
is practically no slope, and the lowering of a gate 6 feet deep raises the 
depth of water in s canal to 6 feet for 40 miles back; but in the project 
we are dealing with, the proposed slope of bed averages upwards of 2 feet 
a mile, so that water could only be raised from 1 to 6 feet in depth by having 
a stop dam at every two and a half miles, or practically just below each 
irrigation outlet. Obviously a canal 270 miles long cannot be thus dealt 
with, the crops would wither before their turn for another watering came 
round. Moreover, the rubbee canal, designed to carry 710 cubic feet when 
full, costs in Northern Division an average of Rs. 1,954 a mile: the khur- 
eef canal discharging 3,000 cubic feet g% mile 29, costs from that point 
to the limit of Northern Division but Rs. 2,545 a mile, showing how cheap 
is the cost of the unbridged supply canal in comparison to the finished 
expense canal, even though the latter will be very cheaply constructed. 
If the large canal were made perennial and the small intermittent, the 
comparative cost would be very different. 

Mr. Parker puts this part of the case very clearly as follows :—— 
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*¢ Tt was necessary in projecting the Eastern Ganges Canal to maintain 
@ constant head (we had only one-fourth of the khureef supply during” 
rubbee) and to economize it, in order to let the water pervade all the 
irrigation lines as quickly as possible, and lose as little as possible by ab- 
sorption and evaporation, especially by the former, in the many sandy 
tracts the canal passes through. 

- All this is done by the system adopted. The constant head is main- 
tained at the first weir dam at the 29th mile. The rajbuhas are made to 
carry the whole rnbbee supply. This is sent down the various lines at a 
much greater velocity than it could be sent down the main canal, with a 
greater depth than could be maintained in the canal, and in the most direct 
way, instead of indirectly, as it would be by going down the canal, and 
thence by feeders into the irrigating lines. The results are these :— Irri- 
gation is more quickly effected, absorption and evaporation reduced to a 
minimum; growth of weeds and water-grasses, which would occur if a 
supply of small depth went down the canal at a low velocity, prevented ; 
much repair and maintenance expenditure avoided, and what is necessary, 
rendered easily applicable.” 

Mr Parker also urges reasonable objection to the proposal of throwing 
the surplus khureef supply into the Ban or Gangan, or other drainage 
lines as follows :— 

‘¢ With regard to the East Rohilcund Canals, the system has been to 
take possession of a nuddee in which there is constantly some water, to 
dam this up at intervals, and to take out irrigating lines from each dam. 

‘“‘The results are these:—The Rohilcund Canals have been quite a 
failure from the essential fact that water is taken out from the nuddees 
which occupy the lowest points of the country, and can only water the 
adjacent low lying lands, without being able to touch the higher; so com- 
pletely has the mistake been realised that the whole of the East Rohilcund 
Canals are now undergoing either revision or remodelling. 

Drainage.—Regarding the obstruction to drainage, which is anticipated 
by the Government of India to result from the mode of construction here- 
in proposed, the Superintending Engineer observes :—" The chief feature 
of the Doab we are dealing with is, that it is drained by a system of 
natural lines between which are very narrow strips of country, as will 
easily’be seen by a referenee to the sketch maps accompanying the project. 
The names of the principal drainage lines beginning at that furthest north, 
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are—the Rohasan, Peli-ki-Rao, Khatawala Khalia, Jakran, Malin, and 
Chain Nuddees, all of which are crossed by the canal, and the Ban, the 
Gangan, and Karula Nuddees in the northern half of the Doab, and the 
Choya, Sot, or Yarwafadar, and Aril Nuddees in the lower half, between 
which the canal and irrigating lines will run on the water-sheds. After 
once passing the first group of nuddees above-mentioned, no further 
drainage lines require to be crossed. This is a fact of considerable im- 
portance, and one to be coupled with that of the narrowness of each strip 
of country lying between two rivers, and to be remembered when consider- 
ing the question of drainage in connection with irrigation. 

“The main canal and its two branches run on water-sheds, and will 
throw off the drainage towards the irrigating lines next to them. Such 
drainage will pass under these lines and will be arranged for when more 
minute surveys of the country have been made. The feeders will intercept 
the longitudinal drainage of the country, but this can also be passed under 
the irrigating lines and thence into the nuddees. Provision for this can 
also be made when the country has been better surveyed. This survey 
could go on while the canal works are being executed, and estimates from 
time to time prepared and submitted. 

“J believe it will be found that very little drainage work will be re- 
quired. Besides the favorable feature before described of the Ramgunga 
Doab, when it is itsclf traversed in all directions by our irrigating line- 
feeders and minor rajbuhas, and by the innumerable water-courses which 
the agriculturists themselves must make for irrigating cheir lands, the 
surface of the country will be so cut up into small areas, that each area 
will retain or consume most, if not all, of the rain-fall upon it, and works 
will not be required for draining it. Much of the country is sandy, and 
will absorb water to a large extent.” 

Detailed surveys will probably show that no system of drainage can 
advantageously be laid out until irrigation is developed, and that the chan- 
nels requisite will, from the causes narrated by Superintending Engineer, 
be very short and minute. There will be no difficulty in making them. 
The sandy bhoor soil traversed by the canal is particularly absorbent and 
permeable, and it is probable that surplus irrigation water will rapidly pass 
off into drains judiciously arranged. But it is certain that where springs 
are not very near the surface, the soil will not readily acknowledge a 
surplus. 
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From the 57th to 97th miles on the section of main canal, water is 
found within 10 feet of the surface. A correspondence occurred between 
Chief and Superintending Engineer on the question whether this tract 
would not do better with well than with canal irrigation; but it is found 
that the water bearing surface affords but a very scanty supply. Wells 
without lining can easily be sunk in this tract, but if a large demand be 
made upon them by the use of any machine of more power than the dhen- 
klee (an earthern jar worked by the weight of a man acting on a balance 
beam), they at once give out and fall in. Wells lined with timber or brick 
fare no better, so that the irrigation resulting from the wells in use, 
though they are very numerous, is very trifling, and the people are urgent 
in asking for canal water. Great care will be requisite in dealing with the 
irrigation of this tract. The first effect of the construction of the canal will 
be to drain the country; the next, when supply is admitted, to raise the 
surface of water in the wells and increase their volume: it will probably be 
necessary to do one of two things, either to drain this part of the country, 
and introduce canal-irrigation with a sparing hand, or to let well-irriga- 
tion go on on the larger scale which will then be practicable, without fur- 
ther aid from the canal than percolation affords. This question must be 


left to be dealt with when mature. The map shows the drainage will 
be very easy. 


Government of India, P. W. Department, (Irrigation,) 7th March, 
1871, did not acquiesce in the conclusion that the system of separate 
channels for the conveyance of Khureef and Rubbee supply, respectively, 
satisfactorily overcomes the difficulty of dealing with the two different 
volumes of water. Other arrangements were suggested : the main feature 
of which consisted in separating the project into two distinct portions ; and 
providing for the irrigation of the upper portion of the Doab (which is 
less than one-fourth of the whole area) by a distinct main canal of small 
dimensions. 

The principle of substituting short distribution channels whose khure 
eef capacity would in most instances be suitable for the rubbee supply, 
(which must, under any circumstances, be distributed by rotation,) was 
considered to overcome the difficulty of dealing with different volumes of 
of water during the respective seasons of cultivation, and to interfere in 


the least possible degree with the natural drainage lines; a matter of the 
greatest importance, 


52 EASTERN GANGES. CANAL. 


By dividing the irrigation of the Ganges-Ramgunga Doab into two 
distinct series of channels, the lower portion of the project as submitted 
would not be affected as far as the main lines are concerned, that is to 
say, from the Amroha bifurcation to the termini. The alignment of the 
first 15 miles of the upper channel would probably remain the same, but 
before actually laying out the channel further investigation would be 
necessary, of the possibility of reducing the quantity of deep excavation 
encountered between the 3rd and 7th and 13th and 20th miles of the 
canal. It was observed that a fall of 15 feet is allowed between the point 
where the water is proposed to be drawn off from the main stream of the 
Ganges and the artificial head of the canal, a distance of only 14 miles : 
and it was suggested that it would be a more economical plan to take the 
head of the canal from some point still higher up the river so as to enter 
on the high land with a moderate cutting of from 15 to 20 feet. It was 
considered that if this was feasible, it was on every account to be prefer- 
red; not only as being more economical, but also as more expeditious, and 
reducing the necessity for employing a large body of laborers in a very 
unhealthy part of the country. 


Chief Engineer (Irrigation), N. W. Provinces, 26th Oct., 1871, showed 
that the last proposal—to construct, instead of one continuous canal, two 
separate canals, with heads at Shampore and near Bijnour, respectively, 
was inexpedient on Engineering and financial grounds. The subject was 
re-investigated by Mr. Parker, and by Mr. J. W. P. Roberts. C.E., Exe~ 
cutive Engineer, and the following extracts from their reports, (with the 


Chief Engineer’s remarks thereon,) show the results of their investigations. 
“Mr. Roberts’ note, extracted marginally shows that the position of the head of the 


**'When the survey of the Eastern Ganges Canal wasyirst 
commenced (in 1868), a line of levels was taken vid Bijnour to 
Raolee to test the practicability of taking the water from that 
point. This idea was abandoned because it was found that such 
a canal would not water the Bijnour District, and as it was al- 
ways understood that it was a sine qua non that that district 
should be irrigated, we proceeded to try for a head higher up. 
First Nagul was tried, next Asufgurh, and lastly Shampore, 
We found that che rise of the river is small up to Nagul,* but 


# From Raolee to Nagul, the rise of wun UVMLPISUOLY ULB EUS, 0S 
or aa varies from 17 to 2 fect Per there the boulder bed ( with 
° its attendant rapid fall and 
high velocity begins. My Progress Report for December, 1868, 
gives the result of our trial levels taken for the Bijnour line.” 


Eastern Ganges Canal was 
very fully considered when 
the surveys were commenced 
in 1868-69. After careful 
review of the various alterna- 


‘tives and examination of the 


with Mr, Parker in cesta 
the head of the canal at 
Shampore. 


The new proposal to establish a second head near the junction of the Malin nuddee 
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with the Ganges has beon investigated with great care and fidelity by Mr. Roberts. He 


Extract paragraphs 15, 16, and 17 of Mr. Roberts’ Report. 


A few general remarks on the proposed Raolee Canal. The point of 
junction of the Malin nuddee with the Ganges is in many respects a 
favorable site for a weir, as the kbureef hed of the river is narrow 
and the main stream runs close to the eastern high bank. The bed is, 
however, composed of very fine sand—so fine that it is difficnlt and al- 
most dangerous for a man to cross it, as the feet sink. 

The khadir through which the canal would pass for many miles {fs 
not very favorable, being, like most other parts ef the khadir of the 
Ganges river, composed of very fine sandy soil with a foot or so of allu- 
vial soil on the top. Near Raolee the Ganges water, altbough not 
having a high velocity, cuts with apparent ease into the khadir land. 

The bed of the canal would, as will be seen on reference to the longi- 
tudinal section, run for many miles (in fact nearly the whole distance) 
below the spring level of the country. 





Mr. Parker’s Reasons (pages 5 and 6 of same Book, (1st Part). 


I attain my object from one head instead of two, as is required by 
the New Scheme. 

I utilize a natural weir, and require no artificial one, while the 
New Scheme requires one, if not two, of the latter. 

I take my whole supply from the river, where it has a minimum of 
silt (an advantage, according to paragraph 4 of Preliminary Observa- 
tions of Ganges Canal Committee of 1866), while the New Scheme takes 
its larger volume from a point where the river must have an enormous 
amount of silt during the season when this larger volume is required 
to enter the canal. 

I do not interfere with the course of the river, which the New Scheme 
does by establishing one, if not two weirs. 

I take my head at the highest possible point in the river, where it 
has a permanent boulder bed, not liable to change, while the Mew 
Scheme takes the head for the larger supply in the hhadir which is 
liable to change at any time—a fact I know, not ouly trom my own 
experience, but also from its being confirmed by paragraph 9 of “ Ganges 
Canal Committec’s Preliminary Remarks.” 

I carry water from the head only 19 miles without irrigating, while 
the newly suggested line cannot irrigate till the end of the 36th mile. 

Having to withdraw a certain quantity of water from a river, it is 
cheaper relatively to the discharge to take it from one head than trom 
two. 


pore.” 


establishes that this 
new scheme, instead 
of being cheaper by 
£43,000, as it claim- 
ed to be, would cost 
us nearly as_ possi- 
ble 50 per cent., or 
£418,000, more than 
the project recommen- 
ded by the Govern- 
ment, North-Western 
Provinces, and that it 
is further subject to 
the scrious objections 
quoted in the mar- 
gin, which prove that 
the amended scheme 
would be undesirable 
if it were not finan- 
cially impracticable. 
I accordingly see no 
grounds for altering 
the original recom- 
mendation that the 


Kastern Ganges Ca- 
nal should be con- 


structed from one 
head fixcd at Sham- 


With regard to the objection to the want of a proper provision for 


‘drainage for the triangular plots into which Mr, Parker's plan of construc- 
tion would divide the lauds lying between the khureef (or supply) and 
the rubbee (or perennial) canals, a sketch (as per accompanying dia- 
gram) was submitted and it was remarked as follows :— 

¢In the accompanying diagram all canals and water-courses are shown 
in full lines, and drainage lines (which it will be observed are formed by the 
boundary ditches of the irrigation channels) in dotted lines. The whole 
drainage is shown by the arrows to be taken into the various ditches and 
passed under the rubbee canal at intervals, the accumulated waters shown 
by larger arrows being finally led into a natural drainage line. 

It is not possible to fix the position of the several minor lines until 
levels of the country have been taken at very close intervals; meanwhile 
the diagram shows that the drainage can be completcly effected. The 
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amount allowed by the Executive Engineer for this purpose, appears 
reasonable and sufficient.’ 
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Col. H. A. Brownlow, R.E., Offg. Chief Engineer, (rrigation Works, 
NV. W. P., the 2nd April, 1872. 

Having been called upon to state my opinion on the system of distribu- 
tion of water proposed for adoption on the Hastern Ganges Canal, I must 
say that it appears to me to lie open to two grave objections— 

1st.—That of affording a needlessly large supply of water during the 
khureef to districts where the nearness of spring level to the surface of 
soil calls for the greatest care and circumspection in giving canal water at 
all during any except years of famine. 

2nd.—That of interfering very seriously with the drainage of the country 
in order to secure this lavish irrigation, thereby aggravating immensely the 
water-logging of soil and unhealthiness which must inevitably result from it. 

The proposal is to carry a large khureef channel down the main water- 
shed of the country traversed by the canal. On either side of this, and 
running more or less parallel to it, are to flow two perennial channels, 
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which are said themselves to occupy minor watersheds, The irrigation of 
the country is to be effected by water-courses from the perennial channcls, 
while feeders taken out from the main khureef channel will supply these 
perennial lines when the main line is carrying water. 

Now, a glance at the following sketch, which gives a general idea of 
what I conceive to be the physical features of that part of the country, 
will show how completely snch a system of distribution will interfere with 
and choke up the minor drainage lines :— 

If it be argued that my sketch gives an exaggerated view of the amount 
ef obstruction to drainage that will be caused by the proposed system of 





distribution, I reply that there are no reliable data available to refute it. 
It is allowed that the minor drainage lines of the country have not yet 
been carefully surveyed, and my own opinion is that they will, in many in- 
stances, be found even more complicated and difficult to deal with than I 
have pictured them. 

Mr. Parker, the Superintending Engineer, who initiated this project, 
assures me that a personal knowledge of the country enables him to state 
that these minor drainage lines are not of any importance; but it must be 


56 KASTERN GANGES CANAL, 


remembered that the question is not what is their condition now, but what 
it will be after the canal has been running for ten years. 

The spring Jevel of the country is already only 10 feet below the surface 
between the 57th and 97th miles of the main canal. The annual rain-fall 
in this tract during ordinary years is about 30 inches, and the effect of 
the fully developed irrigation from the proposed canals will be to throw an 
additional 13 inches of water over the whole area, thereby making, as it 
were, the present exceptional rain-fall of unusually wet years the rule. 

The irrigation from the Ganges Canal, which is not conducted on any- 
thing lke so profuse a scale as that proposed for these canals, has al- 
ready raised the spring level as much as 20 feet in many of the tracts 
where rice is most cultivated. With this fact before me, I should not be 
at all surprised to hear that considerable portions of the tract under con- 
sideration had become impassable morasses in the course of a fuw years 
after irrigation commenced. 

Mr. Parker formerly relied on the very obstruction of the drainage to 
which 1 object so much as enabling him to dispense in great measure 
with the necessity of draining at all. But I for one cannot accept the 
statement that the interception of drainage water does away with the 
necessity for drainage. True the soil may absorb the water to a large ex~ 
tent, but, to my thinking, it is a more formidable antagonist when thus 
disposed of than when it is passing off by surface flow. 

Mr. Parker has, however, lately admitted in conversrtion that a system 
of deep artificial drains will ultimately beeome necessary, in which ease it 
is surely more in accordance with sound engineering to arrange that all the 
drainage cuts shall follow the depressions, and the irrigating channels the 
high lands, than to treat an undulating country as a “ tabula rasa,” the 
features of which are to be moulded hereafter according to our own will. 

If we suppose that there are no undulations, ad that the country slopes 
uniformly down from the main watershed to the rivers shown on the map, 
the perennial channels will then lie some way down the slope on. either 
side, and will intercept the broad shallow film of drainage flowing over the 
surface of ground to the river. Any one who has watched the flow of such 
drainage will, I am sure, admit the truth of my assertion that the obstruc- 
tion caused by a bank of several miles in length can never be effectually 
remedied by the construction of a few large culverts at certain points which 
the amount allotted for drainage shows will not be very near each other. 
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Thave already stated that I object in limine to the excessively large mon- 
soon supply which it is proposed to throw into these canals, and which ap- 
pears to be the sole cause of the complicated system of irrigation proposed 
for adoption. If it be still considered necessary to adhere to this large 
khareef volume, it seems to me imperatively necessary to move up both 
perennial channels to the main watershed now occupied by the khureef canal. 
They would then lie immediately contiguous to the latter, except where it 
became necessary to interpose feeding channels for the purposes of supply. 

But it seems to me that the great object in the construction of irriga- 
tion canals is not so much to obtain a maximum of reyenue at a minimum 
of cost, as to lay them out on sound engineering principles; and, while 
keeping in view the necessity of obtaining such a return as shall remunerate 
the State for its outlay, never to lose sight of the physical conditions or 
necessities of the country which they traverse. Above all things, the 
health of the irrigating community should be considered of paramount im- 
portance, as there is but little use in giving its members luxuriant crops 
of rice if, in the course of a few years, they have neither health nor 
strength left to enjoy them. 

The reasons given for utilising the large monsoon supply do not appear 
to me sufficient to warrant its adoption. They are— 

1st.—That it is easily available. 

2nd.—That if much rice is grown, the duty obtained from the water will 
be so much less than the standard adopted by the Government of India as 
to employ the larger volume proposed, even though the proportion of land 
irrigable every year be estimated at one-fourth only of the culturable area, 

3rd.—That the assignment of one-fourth of cultivated or culturable area 
ag limit of yearly irrigation 1s quite below the wants of the people; the 
canal-irrigated areas in certain pergunnahs of Saharunpore, Mozuffernug- 
gur, and Meerut Districts, running as high as from 60 to 70 per cent. of 
the cultivated area. 

4th.—That in certain pergunnahs in which well irrigation is most large- 
ly and successfully practised, 80 per cent. of cultivated land is irrigated 
annually, and that there seems to be no good reason why canal irrigation 
should not attain the same development when water is abundant. 

5th.—That the loss of volume from percolation would probably reduce 
the available supply to 3,150 cubic feet per second—a volume which agrees 
practically with the limit proposed by Government of India. 
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6th.—The necessity for supplying the Lower Ramgunga Canal with 
water from the Ganges, owing to the late date at which the volume of the 
Ramgunga River begins to increase. 

The first reason is one which can be urged in support of almost all pro- 
posals for utilising large khureef volumes, and is I think, only fairly ap- 
plicable when it can be proved beyond a doubt that the injury to the 
health of the community and to the low-lying lands (which may be expect- 
ed to result from flooding the country to so large an extent) will not be 
out of all reasonable proportion to the advantages gained. 

As regards the second and third reasons, I think that most Irrigation 
Officers in the North-Western Provinces will support me in deprecating 
strongly either the encouragement of growing large areas of rice, or the 
acceptance of the wishes of the people as a safe guide for us to adopt in 
this particular matter. The state of many of the villages in the pergun-~ 
nahs quoted (in which canal irrigation bears so high a proportion to culti- 
vated area) bears me out in my argument, as some of the very worst cases 
of suffering from rise in spring Jevel that have come to my knowledge have 
occurred in these very localities. 

As regards the fourth argument, there must surely be some mistake in 
the returns quoted, which state that 80 per cent. of the cultivated area 
in certain pergunnahs is annually irrigated from wells. I have asked 
Settlement Officers of great experience, who assure me that they have 
never met with any such cases, and suggest that most probably the mean- 
ing is that 80 per cent. of the cultivated land is irrigable from wells. 
Besides, granting that so large a proportion of well irrigation did exist 
anywhere, there is surely no analogy between such a case, where the water 
is drawn from the subsoil, sparingly distributed over the surface, and 
returned to the subsoil in diminished quantity, and the case of 80 per 
cent. of the cultivated land being flooded with a profuse supply of canal 
water, which all contributes to raise the spring level instead of lowering 
it. The irrigation, conducted in the former case with perfect impunity, 
would in the latter very probably turn the land into a swamp and decimate 
the inhabitants with fever. 

Were the duty obtained from the water in the proposed Eastern Ganges 
Canal to run as high as the duty obtained from well water, a maximum 
supply of 1,250 cubic feet would amply suffice for the wants of the com- 
munity. , 
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I shall consider the loss from percolations, stated as the fifth reason, 
further on (see page 60); and think that the sixth reason must stand 
or fall with the possibility of our being able to devise any means of safely 
combining large and small dischargesin the same channel. 

Having regard to the nearness of spring level to the surface of the 
soil, and to the supply available for use during the rubbee, I am decidedly 
of opinion that the scheme originally suggested for adoption by the Gov- 
ernment of India (see page 44), is the best suited to the circumstances of the 
case. There should be a single line of canal adapted to carry a minimum 
supply of 1,250 cubic feet a second, and a maximum supply as much in 
excess of that volume as can be conveniently and economically arranged. 

A channel having a bottom width of 135 feet, side slopes of 14 to 1, 
and a fall of 1 foot per mile, will discharge a little over 1,250 cubie feet 
a second, with a velocity of about 2°33 feet per second when flowing 4 
feet deep. If the depth in the same channel be increased tu 6} feet, the 
discharge will rise to about 2,800 cubic feet per second, and the velocity 
to about 3 feet per second. I see no difficulty whatever in arranging for 
the maintenance of irrigation from the distributaries within these limits of 
fluctuation in the main channel, and the experience of the Eastern Jumna 
Canal will, I know, bear me out in this opinion. 

All irrigation channels should follow as closely as possible the watershed 
lines of the tracts which they are intended to water. 

At first it would only be possible to lay down main lines of canal, but 
no time should be lost in surveying and laying down the minor drainage 
features of the country, and then each separate “‘ Doab” can ultimately be 
provided with its independent irrigation channel of a volume proportioned 
to the area commanded. The water would thus be delivered much more 
directly on the fields than in the proposed scheme, where the perennial 
channels leave the main watershed, and have to irrigate much of the land 
against the transverse slope of the country. 

No one can doubt the fact of the area commanded by the Eastern Jumna 
Canal having been perfectly protected from the effects of drought during 
the famine years of 1860-61 and 1868-69. The gross area so command- 
ed amounts to 1,550 square miles. The volumes delivered were 1,500 
cubic feef per second during khureef, and 665 cubic feet during the rubbee 
of 1860-61, 1,126 cubic feet during the khureef, and 682 cubic feet during 
the rubbee of 1868-69. The proportion of barren land to gross area is 
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almost exactly the same on the Eastern Jumna and Eastern Ganges Canals, 
being 14-66 per cent. in the former and 14 in the latter case. A compa- 
rison may therefore be very fairly instituted between the two, in order to 
ascertain how far short the reduced volume of the Eastern Ganges Canal 
will come in protecting the area irrigated by it from famine. The mean 
volumes of the Eastern Jumua Canal for the two years are 1,813 cubic 
feet per second for khureef, and 673 cubic feet for the rubbee; and increas- 
ing these volumes in proportion to the gross areas commanded, we get 
2,900 cubic feet during khureef, and 1,870 cubic feet during rubbee, as 
the corresponding volumes required for Hastern Ganges Canal. The vo- 
Jumes which I propose for adoption (2,800 cubic feet during khureef, and 
1,250 cubic feet during the rubbee), fall short of this standard by about 
100 cubic feet per second in each fusl. The short rubbee supply may be 
lamented, but cannot be helped, as there is no more water to be obtained 
from the river, while bearing in mind the nearness of spring level to the 
surface of the soil, I look upon the short khureef supply as a decided ad- 
vantage. As the loss by percolation is included in the volumes adopted as 
standards of comparison, no extra provision need be made on that account. 

Eighty-six per cent. of the gross area (3,152 square miles) commanded 
by the Eastern Ganges Canal is cultivated and culturable. The propor- 
tion of khureef to rubbee cultivation is as 17 to 10; the khureef duty may 
fairly be taken as 75 acres per cubic foot per second, and the rubbee duty 
at 180 acres. 

From these data we eablain an irrigated area of 210,000 acres for the 
khureef or 19 per cent. of the gross cultivated and culturable khureef area ; 
and 225,000 acres irrigated during the rubbee, or 35 per cent. of the gross 
cultivated and culturable rubbee areas. The returns may be estimated at :— 


Cubic 
feet. Acres. RS, Rs. 
Khureef, .. oe ee 2,800 % 75 x 2:25 = 3,72,500 
Rubbee, ee ee ] 200 x 180 x 19 = 4,27,500 


Add 8 per cent. Midentlaneonss ate es - -- _ 72,000 
Total (net income), os Rs. 9,72,000 . 

I have adopted the water rates per acre given by the Chief Engineer in 
his report on the Eastern Ganges Canal, dated 9th December, 1869, and, 
like him, have reckoned the whole direct income net, allowing that the 
working expenses will be covered by the landlord rate. 

My estimate of the returns looks of course rather dingy when placed 
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beside the previous estimate of 184 lakhs obtained from the larger 
khureef volume, and higher estimate of rubbee duty. But I think that 
200 acres is too high for an average estimate of rubbee duty, and I am 
sure that it will, in the long run, be found much more profitable and ad- 
vantageous to content ourselves with the lower returns and the reduced 
volume during the khureef. 

It is of course impossible to say at this stage of the proceedings how 
much per cent. will be obtained as a return on original outlay should the 
modified scheme be approved. But as its cost cannot be more than that 
of the present project, which is given by the Chief Engineer as Rs. 
81,88,320, we may safely assume that the modified scheme will prove re- 
munerative, as the estimated returns from it (Rs. 9,72,000) will give 13 
per cent. on the above-mentioned capital outlay. 

Should it be decided to reduce the khureef supply at the head of the 
canal, it by no means follows that a rateable reduction should be effected 
in each of the main branches and distributaries. I should recommend 
cutting down to the lowest possible limit the supply of water allotted to 
low-lying swampy tracts, and to those where the spring level is within 
10 or 12 feet of the surface, giving the surplus to the higher and more 
arid districts. By this means His Honor the Lieutenant-Governor’s wish 
to provide an ample supply for the portions of the Bijnour District which 
are so liable to drought can easily be complied with, while we shall at the 
same time ayuid water-logging the district lying between miles 57 and 97 
of the canal. 


J. L. Parker, Esq., Supdg. Engineer, the 20th April, 1872. 


Of the two objections to the project of the Eastern Ganges Canal raised 
by Colonel Brownlow, the first refers to a point of such importance that 
it ought to have been definitely settled before the design of a canal, reste 
ing as it must do upon that point, was attempted. In other words, the 
discharges of the canal should have been fixed before their distribution 
was attempted. 

Colonel Brownlow’s objections are—lst, that the khureef discharge— 
viz., 4,500 cubic feet per second—is too great; and, 2nd, that the design 
for distributing this discharge is faulty, inasmuch as it exhibits inter- 
ference with the natural drainage of the country. The latter is what I 
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am concerned with, and ought to reply to, leaving the former to be settled 
by other authority. But before replying, I would point to the correspon- 
dence on the subject xs showing that the majority of opinion is certainly 
against Colonel Brownlow, and that I myself think that if we have water 
enough to water an entire tract of country, we should water the whole 
tract, and not a part only. By watering a portion (if irrigation be a 
benefit) you benetit only a few, whereas by irrigating the whole yon treat 
all alike, and permit the whole community to prosper alike: and this I 
think but fair, 

The sevond objection—viz., that of interfering with the drainage of the 
country—is, I think, hardly tenable. I will accept Colonel Brownlow’s 
description of the project of the Eustern Ganges Canal as set forth on 
page 55; I will also take the sketch of country therein given, and agree 
that it is not exaggerated; but I cannot see that the iriigating lines need 
be laid out as shown in the sketch. I would prefer laying them out as in 
the sketch I append (Plate VL), and would then remark that there is in 
reality very little interference with drainage, and none that cannot be dis- 
posed of. Ido not see why a rajbuha embankment should not cross drain- 
age lines quite as effectually asa railway—z. e., by wterfering quite as little 
with drainage. In the sketch I append, the crosses show where cither 
culverts or syphons would be required. The black single lines represent 
gouls or minor rajbuhas. The nuddees (distinguished by water lining) are 
as far away from the perennial channels as these themselves are from the 
canals. I mention this to correct the distortion of the sketch, which re- 
presents the irrigating lines a b, c d, for instance, as very short, whereas 
they would generally be long and run down watersheds. 

As a general rule, the system of rajbuhas proposed for the Eastern Gan- 
ges Canal docs not interfere with the drainage of the country. ‘Two 
channels—tle east and west rubbee—do cross lines of drainage, but can 
cross these without interfering with the flow of water, and the minor raj- 
‘buhas springing from the perennial channels can generally be so distributed 
as to turn heads of drainage, as the line p gr, for instance, or cross them 
at favorable points, as at s. 

With regard to the rise of spring levels, it cannot be denied that a 
rise does take place on the introduction of a canal into a district. But 
it does not necessarily follow that morasses should be allowed to form. 
A proper system of drainage cuts would, I should think, always prevent 
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these, as well as the water-logging of the soil; and with regard to the 
latter only, drainage ents would certainly restrain it to a devth below soil 
limited by the depth of the drains. Shonld this be allowed, I would ask, 
would such water-logeing by the rise of spring level be injurious in any 
way either to the health of the people or to the fertility of the soil? I 
myself cannot give any decided opinion on the snbject, but am inelined to 
think that the approach of spring level to surface of soil, as in the Ganges 
khadir, for instance, does not itself render climate insalubrions; and that 
as water-logged Jands can by drainage be made fruitful, and in England, 
and I believe in parts of this country, have been so made, so Jand not water- 
logged, but with such a stratum 5 feet below it, will not be injured, since 
it may be viewed in the light of drained lands, which, as above-mentioned, 
can be made, and are, fruitful. 


When writing the paragraph (marginally quoted) of my memorandum 


‘*T believe it will be found that very little drainag> works will be required. 97 the Eastern 
Besides the favorable fextures before described of the Ramgunga Doab, 
where it is itself traversed in all direction; by o1r irrigating lines, feeders, Ganges Canal, I 
and minor rajbuhas, and by the innumerable waterconrses which the agri- did not mean that 
culturists themselves must make for irrigating their lands, the surface of ‘ 
the country will be so cut up into small areas that each area will retainor CULLIng up t he 
consume most, if not all, of the rain-fal] upon it, and works will not be re- re 
quired for draining it. Much of the country is sandy, and will absorb country into small 
water to a large extent.” areas would do a- 


way with the necessity of surface drainage, but that it would diminish it. 
What I meant may be illustrated thus: Let there be an inclined plane, 
and let it receive a certain amount of rain-fall; the whole of this will run 
off rapidly and in large volumes into drainage lines, say on either side of the 
plane. Let this be now divided into small squares, each capable of re- 
taining a great deal of the rain-fall, This would now not run off so 
rapidly as before, nor in such large volume, and smaller culverts would be 
required than before, more water would romain on the whole plane than 
before, more would be evaporated from it, and more would be absorbed in 
certain soils tending to render the country water-logged. This would 
be prevented by drains dug to any required depth,—by subsoil drainage, 
in fact,—and this I have always thought would be necessary, and must 
accompany irrigation by canals; and it is my belief that in whatever way 
you may arrange your distributaries, spring levels will rise, and drainage 
will always be necessary, 

The rajluhas and feeders as shown in the Canal Survey map will not ne- 
cessarily run as thereshown. Further surveys will be made, Feeders will 
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be taken down, whenever possible, on a ridge as shown by KL. in Plate 
VI., and the perennial channels will probably very often run close to the 
canal, as p q 1, in sketch, and throw off a branch towards the side of the 
nuddees; and we shall have what Colonel Brownlow requires,—viz., ir- 
rigating channels on high lands and drainage cuts in low, with this further 
advantage, viz., a constant head of supply in our rajbuhas, without any ne- 
cessity of damming up the water. 

With regard to the spring level being near the surface of country, and 
irrigation consequently not being necessary or required, experience seems 
to show that the spring level does not affect the question. In Hast Rohil- 
cund, water is very near the surface of the soil in the Districts of Bareilly 
and the Terai, and yet the people have irrigated from time immemorial : 
more than that, although in numerous places the water is within 10 feet 
of surface of country, Government has sanctioned canals to be made in 
these places, and they are in fact being made. It naturally occurs to one 
of course to ask, if you sanction canals to be nade under a certain condi- 
tion of circumstances in one part of a province, why prohibit their con- 
straction in another, where circumstances are exactly the same ?—-and also 
to conclude that if the habits of the people be supposed to indicate the 
usefulness or necessity of certain practices, the nearness of water to surface 
of soil does not do away with the necessity or usefulness of irrigation. 

With reference to Colonel Brownlow’s proposed section, I would not ad- 
vise changing the side slopes of the canal from 1} to 1, or slope of bed to 
1 foot. There seems to be no reason why 1 to 1 for side slope should not 
be maintained; and, indeed, a very good one for its maintenance. It is 
sufficient as a side slope to answer its purpose, and in depths of digging 
such as we have in the upper 20 miles of the canal, (viz., 50 to 55 feet,) 
vastly cheaper than 14 to 1; and with regard to slope of bed, of course 
the more this is, the greater will be the excavation and the consequent 
expense. 

I think I have nothing more to note down, except just to express my 
belief that the conditions of the problem being granted, the Eastern Gan- 
ges Canal project meets them quite successfully; that wherever canal 
irrigation is introduced, rise of spring levels must take place, whatever the 
system of distributaries may be; that drainage must accompany irrigation, 
and can always be made to cross irrigating lines effectually without injury 
to country by proper arrangements ; that with regard to the discharges of 
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the Eastern Ganges Canal, they should be maintained at 4,500 and 1,200 
cubic feet; and that, if so maintained, it will be difficult to find a more 
satisfactory or less complicated solution of the difficulty of maintaining a 
constant head of supply than that proposed. 

And in conclusion, I would beg to express my obligations to Colonel 
Brownlow for his courtesy in allowing me to see his notes, and thus giving 
me an opportunity to reply to them. 


Col. H. A. Brownlow, R.E., 6th May, 1872. 

As regards the question of khureef volume to be given to the canal, 
Mr. Parker considers that the late Colonel J. C. Anderson tacitly ac- 
cepted the proposed discharge, because he made no objection to it in a 
note on the project dated 25th August, 1870. But a reference to a note 
(below quoted) by Colonel Anderson, dated 7th September, 1869, will show 
that he did not then at any rate consider it at all advisable to provide canal 
irrigation for a very high proportion of the cultivated area, or to provide 
more than 3,000 cubic feet per second for the whole canal. 


Extract from Note by Off. Inspector-General of Irrigation, dated 7th September, 1869. 

Para. 3.—Considering the generally moist character of the country to be dealt with, and the 
proximity of the springs to the surface, which would continue to offer the means of irrigation after 
the opening of the canal, I am not inclined to recommend provision of canal irrigation to a very high 
proportion of the cultivated area, 

Para, 5.—If these figures are any criterion of the results which may be anticipated from the Eastern 
Ganges Canal, I should think that provision of the means of irrigation to the extent of one-fourth 
the khureef area would be sufficient. In this case the supply, as above mentioned, would be 3,000 
cukic feet for the whole canal, and 1,100 for the Sambhal Branch ; but Colonel Strachey will be able 
to give a more reliable opinion on this point. 


Mr. Parker, while accepting my sketch of the probable drainage features 
of Western Rohilcund, takes exception to the manner in which I laid 
down the distributaries in that sketch, and further on he says that the raj- 
buhas and feeders will not necessarily run as shown in the map submitted 
with the project. I was very naturally guided by the statements of their 
own views put forth by the designers of the canal, and a reference to their 
correspondence will show that I represented as fuirly as I could the system 
of distribution which it was proposed to adopt. If my remarks have led 
to a more careful consideration and a moditication of this system, they will 
at any rate have done some good. 

Looking upon it as an axiom in hydraulic engineering that irrigation 
channels shall, where it is possible, occupy the watershed lines of the 
country, I cannot accept Mr. Parker’s statement that his rajbuhas do not, 
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as a rule, interfere with the drainage, as a sufficient argument in support 
of the system proposed by him. The variations in the features of the 
ground are very great, and until we are furnished with a fairly accurate 
topographical map of the country we cannot be sure that the admission of 
the principle that the watershed may be safely abandoned will not lead to 
very serious interference with surface drainage. 

Mr, Parker, while admitting that a considerable rise in spring level will 
follow the introduction of canal irrigation, proposes to restrain it to a 
certain depth below the surface by a svstem of drainage cuts, and he in- 
clines to the belief that snch an amonnt of water-logging would not 
affect injuriously cither the productive powers of the svil or the health of 
the people. There are, J fear, a good many practical contradictions of 
his opinion on the latter points, and in order to keep the surface of spring 
water down to a safe Jevel under the proposed conditions of irrigation, we 
should require a widely extended system of deep drainage cuts. It does 
not seem to me in accordance either with sound engineering or principles 
of economy deliberately to make a swamp with the avowed intention of 
draining it sooner or later. 

In regard to Mr. Parker’s allusion to the Rohileund Canals, it is pre- 
cisely because I object most strongly to the sanitary condition of parts of 
Bareilly and the whole of the Terai that I am protesting so strongly 
against the lavish supply of water to parts of Western Roiileund. Mr, 
Parker's argument refers to construction of canals, and I think he would 
on consideration allow that I did not in any way object to the constrne- 
tion of the Eastern Ganges Canal, but to the grant of an excessive supply 
of water for khureef irrigation. 

The case put on page 59, and objected to by Mr. Parker, is purely 
hypothetical, and merely intended to show what would be the probable 
increase of volume conveniently attainable in a channel discharging 1,250 
cubic feet per second es a minimum supply. 


Col. H. A. Brownlow, Lh.L., Extracts from Instructions for revising 
Eastern Ganges Canal Project, 4th April, 1872. 

The maximum rubbee supply should be taken at 1,250, and maximum 
khureef snpply at 2,500, or, if it can be managed, even 2,800 cubic feet 
per second. : 

The lining out and preparation of land plans should be proceeded with, 
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and in lining out the greatest care must be taken to follow as closely as 
possible the watershed lines of the country. 

It is believed that the main watersheds have already been determined 
with sufficient accuracy, and no time should be lost in pushing on the sur- 
veys and in taking the levels that are required to enable the Engineers 
to lay down correctly on the map the minor drainage features of the 
country. ) 

The complete delineation of these will of course be a work of time, but 
by commencing with the most marked, and gradually working in the 
smaller ones, there is no reason to doubt that it will be possible to complete 
the distributaries quite as soon as the main channel. It is not intended 
that there shall be a complete and minute contour survey of the whole 
country, but we must have a clear conception of the position and direction 
of the minor watershed and water-course lines. A flying survey taken 
after very heavy rain, would, if correctly done, convey much more really 
useful information for our purpose, than the most accurate series of levels 
if taken only at 5-mile intervals, and merely given as leve/s, without any 
attempt to show whether a sudden drep is caused by an isolated depres- 
sion or by a comparatively important drainage course. 

Under the above system, each distributary will occupy the water-shed 
line of its own particular “doab,” leaving the drainage courses perfectly 
open and free. 

The volume to be allotted to each distributary will, as a general rule, 
depend primarily on the nearness of the spring level to surface, and second- 
arily on arca commanded. This rule is, of course, not to be considered 
inflexible when the local knowledge of the Superintending and Executive 
Engineers engaged in designing the works can show good grounds for de- 
parting from it; but, speaking generally, the volume allotted per square 
mile of any given area should be in the direct ratio not only of area, but 
of depths of water below surface of soil. 

As some general rule must be adopted at the outset in order to adm’t 
of the Engineers ascertaining with fair accuracy what will be the volumes 
to be provided for in the several main channels, I would suggest that the 
several areas commanded should be divided into three classes :— 

Clays A.—Spring level 12 feet or less below surface of soil. 
Class B.—Spring level 12 feet to 20 feet below surface. 
Class C.—-Spring level more than 20 feet below surface. 
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Then areas of A, B, and C, should be ascertained, and supposing 
652 (A) + 1,500 (B) + 1,000 (C) = 3,152 square miles total area 
commanded ; if « = unit of volume per square mile for Class A (652 x a) 
(+ 1,500 x 22) + (1,000 x 8x) = 2,800 cubic feet, and «== 0-42 
cubic feet per second: the allotment of maximum khureef supply would 
then be say— 

0:40 cubic feet per second per square mile to Class A. 
0°85 ” ” ” ” ” B. 
1:25 ” ” 9 y yD C, 


The foregoing calculation is only an illustration, and it is apparent 
that the volume per square mile allotted to Class A, will vary according 
to the varying proportions of the areas in the three classes. It might 
therefore be necessary to fix a limit below which the khureef volume 
allotted per square mile should not fall. I do not think that 0°33 cubic 
feet per square mile would be at all too low a limit for tracts where the 
spring level is within 10 feet of surface, and it will of course be under- 
stood that it is by no means necessary to dole out a modicum of water 
proportioned to its area to each village of such tracts. The lowest-lying 
lands, which will be furthest from the rajbuha, will be most beneficially 
excluded from canal irrigation in the great majority of cases, and the 
waste consequent on attempting to lead small streams of water long 
distances will thus be avoided. 
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MASONRY VERSUS LARTHEN DAMS. 
[Vide Plates VIL, VIL. and TX.] 


By Major Hecron Tunnocu, R.U., Ereeutive Engineer, Bombay 
Municipality, Latracted from the “ Report on the Water Supply 
of Bombay.” 

In every project hitherto submitted for storing water for Bombay, it 

has been proposed to make the dams of earth.* 1 will now discuss the 

question whether we should do well to adopt this muterial. 

Most of our experience of earthen embankments is obtained in Eng- 
land, where it is almost the universal custom to use clay in preference 
to masonry. But hardly any one conversant with this branch of Engi- 
neering would say that the works of this kind at home, taken as a class, 
are satisfactory. In consequence of the failure of some of them, the 
most frightful catastrophes have occurred. Those who have given much 
attention to this subject, will probably be disposed to agree with ine, that 
the whole science of dam construction, must befure long, undergo @ great 
change. It is not generally known that many of the deep reservoirs 
in England are never filled to the height to which it was originally in- 
tended by the projectors, that they should be filled. To prevent any 
risk being incurred, the greatest caution is exercised at this present 
moment in the management of these reservoirs The penalty of failure 
is so awful, that the surface of the water is kept twenty and thirty feet 
below the original proposed level. When we remember that high earthen 


* Ido not include Mr. Walton’s projects. J believe he came to the same conclusion as myself 
regarding the superiority of stone for dams in the Concan, from the consideration of the facts 
brought forward in this Article which were known to him, 
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dams are quite a recent innovation, it is only natural that this branch 
of Engineering should not be in a very advanced state. 

The ordinary mode of construction adopted for works of this class, 
may be explained in very few words. With a breadth of from twenty 
to thirty feet at the top, the dam slopes towards the water with an in- 
clination of three feet in length, to one of height, and in the opposite 
direction, with an inclination of two and a half fect to one. Along the 
middle of the dam and carried down (as it should be, though as it often 
is not) to a firm impermeable hed, is a wall of clay, technically called 
puddle. This wall is usually about ten or tweive feet wide at the top, 
and thickens as it descends at the rate of about two or three inches for 
every foot of vertical distance. On either side of the puddle is placed 
what is termed ‘selected material,’ that is gencrally, the best that can 
be got at the spot. The rest of the dam is formed of almost any kind 
of suitable earth. In order to break the force of the waves, and to pre- 
vent them from washing away the earth underneath, the slope towards 
the water is usually covered with a Jayer of stones, or pitched, as it is 
termed. The outer slope is turfed or pitched, according to the judgment 
of the Engineer. 

It is the puddle wall which should form the barrier to the escape of 
the water, and it is this part of the embankment to which the Engineer 
trusts more than to any other for the safety of his works. The greatest 
care should be taken both in the selection of the clay, and in the manner 
of putting it in the embankment. It should be thrown down in thin 
concave layers, as should also the rest of the dam, and should be with 
the rest well watered, and rammed, and beaten, and trodden down, s0 
that the whole mass may be rendered as homogencous as possible. 

Until lately it was a common practice to lay the outlet or supply pipe 
through or under the embankment, and, in some cases, even without 
preparing a special foundation for it.* The great loss of life and des- 
truction of property caused by the bursting of the Bradfield reservoir has, 
however, effectually put a stop to this system, and arrangements are 
now gencrally made by which the outlet works are altogether discon- 
nected from the dams. We have in fact learnt by disaster, what common 
sense should have taught us from the first. The dam, being naturally 


* The outlet pipe from the Vehar Lake, unfortunately for the town of Bombay, has also been 
placed under one of the dams. 
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the weakest part of the reservoir, should be that which we could least 
afford to endanger by works liable in the course of nature to get out of 
order. The practice now obtains of carrying the outlet pipe through 
some one of the hills standing on the margin of the lake. 

This being the English mode of dam construction, let me now revert 
to the Continental] one. 

In France and Spain, the two countries in which we find so many 
large reservoirs, the people put no faith in puddle and earth, except for 
dams of moderate height. They trust to masonry, and certainly they 
have no reason to complain of misplaced confidence. It is quite true 
that some of their dams have failed, but the causes of failure are so well 
known and so easily avoided, that far from the material being distrusted 
by them in consequence, their faith in masonry has, on the contrary, 
largely increased, and is charactcristically exemplified by their later works. 

I doubt whether at this present moment there are three dams in Eng- 
Jand which could hold water to the depth of a hundred or even ninety feet 
without danger: there are dams, to my knowledge, constructed above 
this height, but they are not filled, as 1 have already pointed out. 

This state of things contrasts most unfavorably with that in France 
and Spain. Some of the dams in the latter country have stood for hun- 
dreds of years, are in use to-day, and, although constructed at a period 
when science was but emerging into light, and when, therefore, no great 
knowledge of the theory of the subject could be expected, vet. from their 
having been built of masonry, still answer all the purposes of the original 
designers. 

The Spanish dams are of huge proportions, and, having been built 
according to no generally accepted rules, there is very little similarity 
between even any two of them. It would, therefore, be impossible for me 
to give any description of them which should apply to all. A better idea 
will be formed of them from the accompanying drawing, than by anything 
I could say, vide Plate VII. Some of them have the most grotesque 
forms. One Gros Bois, vide Fig. 13, has a greater slope on the water 
side than on the other. Another that of the Val de Infierno, vide Fig. 8, 
has such a hideous form, that it naturally suggests the idea of its having 
been designed in that region. Rude though as these works seems to us 
by the light of modern science, it is a greater point that they still exist and 
still fulfil their object. In other words, they have been successful in 
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spite of the errors made in constructing them. It is not likely that 
these errors will be repeated. 

The construction of masonry dams has passed through a new stage 
within the last few years, and this in consequence of the suecess of a 
French work, which is unique in its character, as showing what science 
and art can really effect when brought to bear on a subject.* We talk in 
England of dams a hundred feet in terms of admiration, and we look at 
such works almost with feelings of awe, but the French have constructed 
a dam one hundred and sixty four feet high, impounding water up to 
the top, and successfully resisting the enormous pressure, vide lig. b+ 
Plate VIT. The boldness of the design, and the constructive skill with 
which it has been carried out, are only to be matched by the consummate 
mathematical knowledge with which the whole principle of dam construc- 
tion was previously investigated. The French Engineers have reason to 
be proud of their success, They have demolished empiricism, and establish- 
ed something like Jaw at last. The old rule of thumb principle of making 
every dam at the base about three-quarters, in the middle about one- 
half, and at the top about a quarter of the height, has little foundation 
in mathematical science. Such a dam is far too thick at the top, and 
far too thin at the bottom, ezde Plate VILL, and there is an excess of ma- 
terial in the entire work which, in a high dam, so far from adding to its 
strength, positively detracts from its equilibrium. ut, before I attempt 
to explain the views of the Frenchmen, I must give their opinion of 
earthen dams. It is not flattering to us, and it will no doubt provoke 
surprise among those whose acquaintance with dams does not extend be- 
yond the examples existing in England. If we did not find the impression 
contradicted by the modest tone of Messienrs Graeff and Delocre through- 
out their papers, we might almost fancy the Frenchmen, from the matter- 
of-fact way in which they putit, were qnietly langhing at us in their sleeves. 
With a simplicity that has almost a touch of humour about it, they say :— 

‘¢Tt is not necessary to consider the plan of constructing dams of carth, 
which are things of chance, when they attain a height of 20 métres 
(65°6 feet), and it is out of the question to use this construction for a 


# Colone) Fife, N.E., has rendered a great service to the profession by the publication of his trans- 
lation from the “ Annales des Ponta et Chauasces,” of Messieurs Graeff and Delocre’s papers on the 
ubject of masonry dams, It is not too much to say that those who are unacquainted with these 
papers, have much to learn, both of the theory and practice of dam construction. All the informa- 
tion in Plate VIL, is taken from Colonel Fife’s valnable pamphlet. 
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height of 50 métres (164 feet), which we have now under consideration, 
After passing the lesser height, we have only to deal with dams of 
masonry.” * 

And accordingly the Frenchmen utterly ignore the whole class of earth- 
en dams above 65 feet high which are found in England. The case of 
high earthen dams they dispose of inthe summary judgment given above, 
and it does not even occur to them that any one could have the temerity 
to dispute the point. They at once pass on to the subject of masonry, 
and I will now try and give a condensed view of their opinions and 
conclusions. 

A masonry dam is liable to be destroyed in three ways. It may be orer- 
turned by the thrust of the water. If may slide on its hase, or its joints. 
Or it may crush in vertically from its own enormous weight. 

lst. There is no case on record of any dam having been overturned 
Tn fact, to calenlate the thickness of a dam which shall resist the pressure 
of the water to throw it over, isa very simple problem. Practically a 
dam which satisfies the other conditions of construction will be found to 
satisfy this one also. When those conditions are satisfied, a simple cal- 
culation will settle this point. We may, therefore, for the present, dis- 
card the consideration of the liability of the dam to be overturned.t 

2nd. There is no instance of any dam having been destroyed from its 
having slidden horizontally. This, therefore, is not an important point. 
After the third condition has been satisfied, the solution of a very simple 


equation § will settle this question. 


* I believe myself, that if all English Enginecrs could be asked, the majority would say that this 
is just about the height at which dams begin to be dangerous. 

t It is necessary I should say that the following exposition of the subject is, and intentionally so 
not a scientific, but a popular one My object being to convey to the public such a view of the 
question as shal] be understood by them, I have purposely, discarded, as far as possible, the use of 
technical language, and have altogether avoided the mathematics of the problem. Those who care 
for the latter, I must refer to Colonel Fife's pamphlet, in which, I venture to say, they will not com- 
plain of the absence of formule, nor of these being of too simple and elementary u nature. 

+ The Frenchmen hardly consider this subject directly, but I gather it from some of their in- 
cidental remarks, and from their method of mathematical analysis. 

§ “Calling Il the height of any course below the summit, the force which tends to produce 
sliding on this course is equal to the horizontal component of the thrust of the water against the 
part of the interior face situated above that course, and it is given by the cquation 

_ 6H? 
ae 

The resistances which are opposed to the action of this force are the friction of the two courses 
which tend to slide upon cach other, and the force of cohesion of the masonry. 

The friction is proportional to the weight ot the upper part of the structure, and the force of co- 
hesion to the thickness of the wall. 

Culling / the co-efficient of friction of the masonry, y the force of cohesion per superficial unit, s 
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3rd. Every dam that has been destroyed hitherto has ernshed in from 
its own weight. Nobody can fail to see ata glance, the importance of 
this fact. To add more material than is necessary is not to strengthen, 
but to weaken your work. The old Spanish idea of making dams of 
huge proportions on no mathematical principles at all, has resulted, as al- 
ready mentioned, in some lamentable failures. To look at the dam of 
Puentes, ride Plate VII., Fiy. 7, one would at first be inclined to think 
that such a cyclopean structure would almost have answered to stem the 
tide between the Pillars of Hercules. But what is the fact? The giant 
succumbed not from the thrust of his adversary, but from his own weight. 
In fact he was too heavy for his work. The ground literally could not 
sustain him, and in 1802 he was hors de combat. Some of the Spanish 
works have cost fifty and even a hundred per cent. more than they need 
have, and are now subjected to causes of destruction, which would not 
have existed, if they had been constrncted with half the quantity of ma- 
terial better disposed, and which far exceed in intensity all the forces of 
the water against which only the Spaniards strove tocontend. In fact, in 
trying to avoid the dangers of Charybdis, the Spaniards have fallen on 
Scylla. 

This then being the case, viz., that the most important point in the 
construction of high masonry dams is the consideration of the causes 
which tend to make them crush in—the French Engineers have devoted 

great pains to the thorough investigation of the subject. The principle 
with which they start is this :— 
Sappose a dam is to be built of stone and mortar. Manifestly no stone 


the earface of the part of the profile sitaated above the course under consideration, and 6 the thick- 
new of the wall at that point, the resistance to eliling will be 


Re=lyt+yd 





and it is necamary that we bave eT 
oe Mi a aa a 
(softy. 
ie ae | mae. 


Thir ineguahty should be verified for all the horizontal scetions of the profile, by giving tof and y 


the values proper to the materials that may be employed, 
It is equally necessary to verify it for the base of the foundations ; fand Y would represent then 


the co-efficient which are applicahle to the ground upon which the structure rests, 
It wil] be convenient in practice, for more security, that not only should the ratio 2 re 4 + r") 
Ty? 


be greater than unity, but that it should not descend below the value found for that ratio in the 
walls of exisiiny reservoirs which have not suffered injury ou trial.” Vide page 56 of Colonel 
Fife’s Pamphlet on * Dams of Masonry.” 
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eonld be used unless it were of the best, or at all events of a kind fit 
for building purposes. Such a stone must necessarily be stronger than 
mortar. Mortar, therefore, being the weaker material of the two, it is 
esscntial at the outset to ascertain the resistance to compression of the 
particular mortar proposed to be used. Thus, on the strength or the 
weakness of the mortar, which is the strength and the weakness of the 
dam, must the calculations for the form of the latter be based. Of course 
n large margin must be allowed as a factor for safety. In the case of 
the Furens Dam, the Frenchmen assumed that the safe amount of com- 
pression to which their mortar might be subjected was $0 ILs. on the 
square inch. It was necessary, therefore, that the pressure on no hori- 


zontal layer of the dam should exceed this. It might be less, as of 
course it must be in every dam for some distance from the top, but it was 
not to be more. Assuming then a practical width for the top of the dam, 
and proceeding downwards, immediately we come to that layer where 
the pressure approaches 8() fbs. on the square inch, we must commence 
increasing the width of the layer, so that, as we go lower, still no por- 
tion of the masonry shall be called upon to resist more than the allotted 
amount of compression. 

But another point must be borne in mind. It is manifest that every 
dam must be exposed to two different sets of conditions. One set 
when the reservoir is empty, and when, in consequence of there being 
nothing to relieve the weight of the masonry, the pressures on the 
inner face become most intense, and the other set when the reservoir 
is full, and when, therefore, in consequence of the thrust of the wa- 
ter, the pressures on the outer face become most intense. The onter 
and inner faces, therefore, being those parts of the dam which under 
different conditions, are subjected tu the greatest pressures, care must be 
taken that the pressure of 50 tbs. on the square inch is nut exceeded on 
the inner face when the reservoir is empty, nor on the outer face when it 
1s full. 

There is yet another point to be considered, In very narrow valleys 
where, by giving a curved form to the dam, part of the pressure of the 
water may be conveyed to the hills on the sides, the dam need not be of 
so strong a section as in a wide vallcy, where it cannot act as an arch, 
and where, therefore, the whole thrust of the water must be borne by the 
masonry itself. The French Engineer, Monsieur Delocre, has calculated 
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the theoretical forms of two dams to suit these different positions. These 
are given in Figs. 1, 2,3 and 4, Plate VII. 

The Furens dam is of the former type, but, in order to make the work 
a pleasing object to the eye,* the faces of the dam have been gracefully 
curved as shown in Fig. 5.f 

Having now obtained the form of the dam according to the third of 
the conditions we started with—viz., that the material shal] not crush in 
by its own weight—a simple calculation will at once prove that the first 
and second conditions are also satisfied —viz., that the dam will neither be 
overturned, nor slide on its joints. Moreover, certain practical points 
almost naturally suggest themselves, but even these were, I belicve, never 
adopted till the Furens Dam was built.t 

In order that the pressure may be equally distributed throughout the 


* The French lay great stress on the asthetic aspect of the dam, and some of the objections 
brought against their work under this head, though they would be ridiculed by the so-called 
“practical” Englishmen, were most gravely considered by them. 

t Fig. 6 is a section of the dam which, in consequence of the success of the Furens work, was 
proposed to be constructed across the Lan, in alocality where the lime was exceptionally good. The 
boldness of thc design does great credit. to the French. 

tI have paid a visit to the I’'urens Lake, and haveexamined it closely. Standing on the top, the 
dam does not look nearly so grand a work as it really is, but when scen from below, the proportions 
of the work at once impreas the beholder with their magnitude, Although the inner face slopes a 
little towards the water, it is difficult to believe that it is not perpendicular, in so perfectly a straight 
line does the wall seem to descend. The gorge across which the dam bas been built is a narrow one, 
not more than about “50 feet wide, andthe stone used in construction was quarried from the hills on 
the side. Jf samples of this stone, which will be recognized as gneiss, as also of the mortar found 
lying about the dam, are compared with Bombay building materials, it will be secu that the build- 
ing stones of Bombay, which sbound in every hill and valley, do not suffer by comparison, nor is 
there any renson to suppose that the mortur is superior to that made from the lime procurabie in 
Saleette. For building purposes, I should prefer the hard traps of Bombay to the Furens stone, and 
although my experience of the Salsette lime is small, yet, from what I have heard of its strength, if 
allowed to harden away from the influence of water, I have no doubt thut the Bombay mortar used 
in a dam would be as successful as we could wish. 

The rock about the Furens dam is fissured wherever the quarried face of it can be seen, but 
like the hard strata about Bombay, I doubt whether the fissures extend decp into the rock. ‘The 
faces exposed to the air have an appearance very similar to the exposed surfaces of the Bombuy 
stone. 

At the time of my visit the water was rather low in the lake, there being only about 90 feet 
depth in it; I had thus a good opportunity of examining the inner face of the dam. The masonry 
Jooked as sound as it well could, but as a work of art its appearance was not enhanced by the numer- 
ous iron rings which have, fur the purposes of facilitating future repairs, being fixed in it. 

The surface extent of the impounded water is ridiculously small, when compared with the great 
height of thedam. In fact, the water looks more like a long winding cunal than a lake. Of course 
this is caused by the full of the stream being so great, that even the dam of 164 feet high does not 
send the water back very far. The Vehar lake, as a waterspread, has a far more imporing effect. 
The tortuous course of the stream, which runs in and out constantly among the hills, quite des- 
troys the grandeur of the Furens lake, however it may add to the beauty of the scenery. At the 
time of my visit there was not much water flowing into the lake, the stream being about iour or 
five feet wide, and only an inch or two deep. 

Almost the entire outer surface of the dam beluw the then wa'er-iue was sweating—i. ¢., covered 
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work, the dam should be one homogeneous mass built in every part of 
the same kind of material. No interior or exterior facing of ashlar 
which may have a tendency to separate from the rest of the work, and 
no partial use of cement or concrete, must be permitted. In order, 
moreover, to increase the resistance to sliding, horizontal courses must 
be rigorously avoided. The dam must simply be a mass of uncoursed 
rubble, without any hollows, every portion resembling the rest of the 


work as closely as possible. 
Previous to my acquaintance with the mode of dam construction 


adopted by the French Engineers, I had for many years been of opinion 
that the ordinary form given to masonry dams was wrong in principle, 
and occasioned great waste of material. I considered that, with the 
view to save material, and in order to make the least quantity of it 
effectually resist the pressure of the water, the centre of gravity of the 
dam should be thrown inwards as much as possible, and that this could 
only be done by making the dam lcan as it were against the water. Of 
course J was aware that this principle, even if correct, could only be 
adopted for dains of moderate height,* because when the height ‘became 
considerable, the vertical pressure of the masonry itself along the inner 
face would become so great, that the material must yield and crush in. 
The perusal of the French papers did not satisfy me that my position was 


with a thin film of water exuding through the pores of thestone. I did not observe anything worse 
than this, nothing that could be termed a leak. 

The water is taken to the town of St. Etienne by a channel several miles long. I walked along 
the entire course of this channel, which has throughout been built in open cuttings made on the 
slopes of the hills. Even where the slopes are very precipitous, as they are in some parts, the chan- 
nel has been built in this way. The stone excavated in making the cuttings, which are from 10 to 
20 feet deep, furnished the material for construction. After the conduit was completed, the cut- 
tings were closed again with the débris. As a matter of course, the channel follows the configura- 
tions of the hills, but the hills below the dam do not wind much, 60 that open cutting in the case 
of the St. Etienne works was probably found preferable to tunnelling as in the case of Glasgow. 
The conduit runs at a considerable height, from 150 to 300 feet or more, above the bottom of the 
valley, and, where streams occur, the water is made to pass over the conduit. There ia not a single 
aqueduct along the line. The slope of the channel is tolerably uniform throughout, except at a few 
points, where, in order to bring the water to a lower level, it has been dropped as much as 20 feet in 
150. I could find no ventilating shafts. At very irregular intervals, of from 50 to 250 yards apart, 
there are manholes leading into the conduit, but these are all stopped up with simple slabs of stone, 
shutting close down on the openings. This is an interesting point for those who may think it neces- 
sary to ventilate channels intended for the supply of pure water. If the water to St. Etienne had 
been rendered impure from the want of ventilation, we may, I think assume, that the French would 
have constructed them before this. 

There is much more that I could add about the Furens works, but I have given merely those facts 
which nave a special bearing on the Bombay Water Supply. 

* Nor am I yet convinced that the system would not be the best for low dams. 
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untenable. Considering that the question involved to the Bombay public 
the saving of lakhs of rupees, I applied for, and obtained the sanction 
of Mr. Crawford, the Municipal Commissioner at the time, to refer it to 
Mr. Rankine. I thought that both the public and my brother Engi- 
neers, would receive with as implicit confidence as myself, any views on 
the subject which Mr. Rankine, who stands at the head of the profession 
in its theoretical branch, chose to communicate. In Appendices A, B, and 
C, will be found the correspondence between myself and Mr. Rankine, 
and Plates VIII, and IX., are illustrative of the subject. * 

Mr. Rankine doubts whether any earthen dam is to be relied upon when 
the depth of water exceeds 100 or 120 feet. He insists upon rubble ma- 
sonry without continuous courses as the best material, and upon there 
being no hollows left in the wall. He likewise agrees with the French- 
men that the intensities of the pressures shall not exceed certain Jimits 
on the outer and inner faces of the wall. He, moreover, urges that, 
wherever it can be done, the dam should be constructed in a curved form, 
80 as to relieve the masonry of as much thrust as possible by carrying it 
to the hills on the sides. At the same time he considers, in the present 
state of science, that the calculations of stability, treating the dam as a 
horizontal arch, are so uncertain as to be of doubtful utility, and, although 
he would give the dam a curved form, yet he would not rely on it as an 
arch, 

The main points on which Mr. Rankine differs from the Frenchmen are 
these : that the limit of pressure on the outer, need not be so great as that 
on the inner, face, and that my proposal to throw the weight of the wall 
more inwards tends to realize this principle, but he objects to its being 
carried so far as to make the wall overhang—that the intensity of pres- 
sure on the outer face should not be the same throughout, but gradually 
diminish at the lower part where the slope increases ; and, in order that 
there should be no appreciable tension at any point of the masonry, whe- 
ther at the outer face when the reservoir is empty, or at the inner face 


* I wished te dispense with my own letter altogether, but only in fairness to Mr. Rankine, in 
order to show what the question put to him was, and how it was stated, have I felt bound to give 
my letter. The reader must therefore excuse its appearance in the report. 

I beg to draw the attention of the profession to the value of Mr. Rankine’s papers. They throw 
a flood of light on the subject, and, confirming as they doin a remarkable manner most of the de- 
auctions of the French Engineer, Monsieur Delocre, to whom the credit of the Furens Dam belongs, 
they ought to satisfy the Bombay public that we shall not go very far wrong by building our dama 
on the principles theoretically established by the highest authorities in France and England, and 
pctually carried out in practice with the greatest success in the former country. 


PLATE VIL, 
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| FORMS OF DAMS ALL PROJECTED FROM ONE POINT. 
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when the reservoir is full, “the line of resistance should not deviate from 
the middle of the thickness of the wall to an extent materially exceeding 
one-sixth of the thickness—i, ¢., that the lines of resistance, when the 
reservoir is empty and full, respectively, should both lie within, or but a 
small distance beyond, the middle third of the thickness of the wall.” 

Seeing then that Mr. Rankine confirms the correctness of the new prin- 
ciples on which the Furens Dam has been built, and bearing in mind the 
great success of this work, let me point out what the practical result of 
these new theories is. 

According to the old rule, the average thickness of the wall is about half 
the weight. Now it is a little more than one-third the height. The sav- 
ing in material amounts to more than twenty-five per cent.! This saving 
on any project which may now be carried out for Bombay, will represent a 
large sum of money. 

Although I have purposely not referred to the point, still the reader 
will understand at once that dams of solid masonry, with their enormous 
weight, are only suited to sites where foundations of solid unyiclding rock 
are found. The French Engineers insist on this as a sine qud non, point- 
ing out that merely an ordinarily good foundation, or one on which we 
might safely trust many other structures, will not suffice for masonry dams. 
If solid rock is not found, the idea of a heavy masonry dam must be aban- 
doned at once. Mr. Rankine expresses the same views in other words. 

This brings me to the point where the subject interests the Bombay 
public so closely. 

In the elucidation and investigation of projects we Engineers must 
necessarily be to a great extent theorists, but in the application of our 
science, we must be practical men. Masonry dams may be very good 
things in their way, but are they better suited than earthen dams to the 
country, where our reservoirs would be situated, because this is the whole 
gist of the matter? 

It is the consideration of this very point which induces me to adopt 
the former. The Concan is a country far better suited to masonry than 
to earthen embankments. Good clay for puddle, the essential part of 
every earthen dam, is not to be found. The only clay available ie that 
obtained in paddy fields, which after all is impregnated with a great deal 
of vegetable matter liable to decay. Those remarkable beds of stiff clay 

- found in so many parts of England do not exist here. The fact of the 
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of procuring clay sufficiently good for bricks, even is iteelf a 
significant fact, indicating the general absence of this materal. 

On the other hand, stone, the very best stone which the most exacting 
Engineer could wish for, lies in untold abundance almost everywhere 
under his very feet, and in nearly every hill. Still further, there are but 
few sites for dams in the country about Bombay where a foundation of 
solid rock does not exist, either at the very surface, or at a moderate depth 
below it, and where stone may not be procured on-the site itself. In fact, 
the question as to whether there is a stone foundation and abundance of 
rock has generally been dismissed by me in a few momeuts by the plain- 
est evidence which any Engineer could require, but the question as to 
whether there would be sufficient puddle or even earth has demanded grave 
consideration. Let me explain, by way of illustration, the sites for the 
dams in those valleys which demands investigation. 

The Kennery Dam would stand over @ river, the bottom of which is 
solid trap rock, and would rest against two hills, which also are rock, and 
there is enough stone at the site to build a hundred Great Pyramids. 
Good earth could not be procured except at the distance of a mile, and, as 
for clay, we should have to search the country all around, or else denude 
the paddy fields, within a radius of two miles from the work, of the mate- 
rial which renders land of this class so valuable, and would to us be so 
expensive. 

The Toolsee Dam higher up in this valley is equally well situated for 
a work of stone, and very badly situated for one of clay and earth. 

The Ewoor Dam would stand on a site still more favorable for rock 
than even the Kennery Dam, and I need not, therefore, dwell at all on it. 

The Kamun Dam is the only one of those proposed by me which 
might be built of earth; but even here I should prefer stone as the best 
material. The dam would be considerably higher than the limit of safety 
for earthen embankments, according to the French Engineers, and would 
reach the limit fixed by Mr. Rankine, and rock is not found except at 
about twenty feet from the surface of the ground. There is abundance 
of stone in the adjacent hills, and there is also plenty of earth and clay 
in the valley for our purposes, but it is doubtful whether the clay is suffi- 
ciently retentive to keep out the water. Shafts were sunk through the 
earth and clay twenty feet deep, but was found impossible to keep them 
dry by mere ordinary baling. 
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The bed of the river at the site of the Shewla Dam is roek, but the 
hills on the sides have not a solid appearance on the surface. They are, 
moreover, 80 low, that they give one the impression of having been worn 
away in consequence of the softness of the material of which they are 
composed. There is abundance of paddy-field clay, but none of any other 
kind has been observed by me. The height of the dam, 96 feet, as pro- 
posed by Mr. Aitken, would, however, render it advisable not to run the 
risk of an earthen construction. 

The Tansa river runs on a bed of solid rock, which is exposed to view 
almost everywhere along its course, but is very plainly visible at the site 
of the dam, where the surface is as smooth asa floor. The very character 
of the gap through which the river passes, tells us that the strata must be 
rock. Qn one side the bank rises so abruptly, that it is difficult to climb 
it, and on the other side also there is every indication of solid rock. If 
the strata had been soft, the river, instead of running through a narrow 
channel, would probably have washed away a great part of the valley. 
The rock, in fact, has held the river in its hand, and defies it even now 
to wander at all from its present course. It is almost absurd of me to 
say that there is abundance of the best stone for building purposes: ex- 
cepting a superficial deposit of moorum and boulders, there is literally 
nothing else. The whole country is stone. Material of the first quality 
might be quarried almost in any spot taken at hap-hazard near the dam. 
On the other hand, the only clay there is, would have to be brought from 
paddy fields, two miles away from the spot. 

Let me add to all this the advantage of masonry over earthen dams, 
pointed out by Mr. Ormiston, and in which I cordially agree with him :— 

“If masonry dams are properly constructed, they are more satisfactory 
than earthen dams: a leak in the one is only so much loss of water, in 
the other it may be destruction.”* 

This point is well put, and is worthy of the greatest consideration by 
the people of Bombay. 

Let me now sum up the case of masonry against earthen dams. 

We are warned by those who have a great claim to be heard on the 
subject, that dams of earth over 65 feet in height are “ things of chance.” 

* Vide his “Memorandum ” on the Toolsee Scheme. On this important point, I am glad in- 


deed to be able to quote Mr. Ormiston, an Engineer of such great experience, and in whose judg- 
ment, the Bench, and rightly se, place much confidence. 
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Our greatest English authority limits us to 100 or to 120 feet only. 
There is no good clay in the country. There is abundance of the best 
rock. All our sites are better suited to masonry than to earth. None 
of our dams would be lower than the limit of safety laid down by the 
French. Two, Kamun and Tansa, would reach the limit suggested by 
Mr. Rankine. Two, Kennery and Ewoor, would exceed even this limit. 
Lastly, earthen dams with leaks are liable to destruction, sometimes to a 
very sudden one, causing immense loss of life and property, whereas 
masonry dams with leaks are always safe against sudden destruction, and 
never liable to be washed away bodily at all. 

Thus then it will be seen, I trust, that the case of earthen dams when 
inquired into breaks down lamentably. 

On all the above considerations, and bearing in mind that the well- 
being of a population approaching three-quarters of a million in number 
is concerned, the public, with the examples of the Vehar Dams before 
them, will no doubt agree with me that the town should set its face 
against works involving danger or even insecurity, and should insist on 
that class of work being carried out, which will relieve them of their 
present anxiety, and be as little a source of anxiety to them as possible 
even in the future. 


Aprenpix A. 
From—The Executive Engineer, Municipality. 
To—Professor W. J. M. Rankine, University, Glasgow. 


Sir,—For some years I have had a conviction that the mode of 
constructing high embankments for the purpose of impounding water 
usually adopted by the profession is faulty. I consider the fact of the 
puddle wall in the middle of the dam being virtually all the resistance 
that the dam can bring to bear against the water, renders all our dams 
far too weak. My mind has been led on to the subject of masonry dams, 
and the best mode of constructing them. A few months ago I accidently 
came across the work which you will receive along with this letter." I 
do not know whether you have ever read the papers contained in it, but 
Thave no doubt that they will prove very interesting to you. You will 
there see that while England possesses hardly a single dam which is 

® Colonel Fife’s pamphlet on “Dams of Masonry.” 
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considered perfectly safe with a pressure of 100 feet, the French have 
constructed one, and with the greatest success, 165 feet high. Not a 
drop of water escapes from this masonry work. The principles on which 
the Furens dam is constructed are fully explained in the bogk. I was 
very much struck with the work, but I am still not disposed to abandon 
an idea which I have all along had regarding the construction of dams. 

In the building of the Furens dam, three points were considered. The 
dam might slide, the dam might be overturned, and it might yield by the 
compression of its own weight. No case of a dam having ever slidden is 
on record. The tendency to failure in this respect, especially if the wall 
is of uncoursed rubble, is so small that it was discarded in the cal- 
culations. Again, no dam has ever been overturned. Every dam, in fact, 
has been strong enough to resist the mere pressure of the water. To 
make a wall, therefore, to stand against a certain head of water, disregard- 
ing other considerations, is a simple enough problem. Lastly, every dam 
has given way by its own compressing force, and the French Engineers, 
as I understand them, say that, having provided a certain thickness of wall 
to resist the mere pressure of the water, the best and cheapest distribution 
of the material would be that in which the weight was evenly and equally 
distributed throughout. Beyond all doubt, in my humble opinion, they 
have constructed a work which, considered either in its scientific or esthetic 
aspect, has put into the shade all works of a similar nature ever before 
constructed. But, in spite of this, I think a still more effective disposal 
of the material with a less quantity may be made, and one which to the 
eye will present as pleasing and as imposing an aspect. 

My idea is this, that up to that height of the dam below which the water 
is not intended to sink, the embankment should lean as it were against 
the water. Of course I see the objection which French Engineers would 
make, that in this case we add very much to the weight to be borne by 
the inner portion of the wall, causing it to slip downwards; but still we 
surely cannot reach anything like the point of compression by adopting 
this method for dams of the ordinary heights. They would not be likely 
to slip. There can be no doubt that we should be able to make a great 
saving in material, for the power of a dam (constructed as I propose) to 
resist the pressure of the water to overturn it would be considerably 
increased. As the problem to be rigorously calculated requires the higher 
methods of mathematical analysis, I have applied and obtained the per- 
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nhission of the Municipal Commissioner of this town to submit it to you. 
What I should like is a rigorous mathematical solution, and after this the 
practical effect of the proposition. I may be quite wrong, but Mr. Craw- 
ford is of opinion, that the highest authority should be consulted on so 
important a subject, which involves the saving of thousands of pounds. 

I send you a plan showing the Furens dam, and approximately the 
section which I would propose to give, vide Plate VIII. 

We should feel obliged if you would have a section of the best form of 
dam drawn out, according to your calculations, both for short and long 
dams. The French Engineers propose, as 1 understand them, the same 
form for dams of all heights, so that, taking the Furens dam at 165 feet 
high, the best form for a dam 100 feet high would be simply to take the 
Furens section for the upper hundred feet. Perhaps one uniform section 
may not be possible according to your calculations, in which case a sketch 
showing dimensions of all dams, from say 50 to 165 feet (by tens of feet), 
would be very convenient. 

‘I should inform you that the materials for which the dams should be 
calculated are rubble masonry, made with a fairly hydraulic (natural) lime 
and hard trap rock, the resistance of which rock to crushing, and the weight 
of which might be taken the same as for granite. 

We should also desire your opinion as to whether coursed or rubble 
masonry would be the best on all accounts. Of course you will see my 
object is to reduce the mass of masonry as much as I can, and J endea- 
vour to do so by throwing the centre of gravity of the dam as far forward 
(towards the water side I mean) as possible, and thus immensely strength- 
ening the dam’s resistance to the power of the water to overturn it. 
My object, moreover, in giving the upper portion of the dam a reverse 
slope is to throw its weight back as much as possible, and thus to relieve 
the front of the wall from as much compressing force as Ican. This portion 
of the dam is not always subjected to the pressure of water, but may or may 
not be according as the reservoir is full up to its intended height or empty. 

The section which J have drawn, as an illustration of my idea, I need 
hardly say, has not been calculated out. It is of no particular dimensions, 
and merely a rough illustration of what is intended. 

Any remarks which you might like to make on the French Engineer's 


papers would be very acceptable. 
H. T. 
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Apprnpix B. 


Report on the Design and Construction of Masonry Dams.* 
By Professor W. J. M. Rankine, C.E., $c. 


1, I have carefully considered the letter of Captain Tulloch, R.E., 
Exec. Engineer of the Municipality of Bombay, dated the 10th December, 
1870, on the subject of Masonry Dams or Reservoir Walls of great 
height, and also the papers on the same subject by M. Graeff and by M. 
Delocre, which appeared in the “ Annales des Ponts et Chaussées.” 
These last I have studied, both in the original, and in the very faithful 
translation by Col. J. G. Fife. I have also made mathematical investi- 
gations as to the proper figure and dimensions of such dams, which are 
given in Appendix C, 

2. As regards the material best suited for a Reservoir Wall or em- 
bankment, I consider that it must be determined by the nature of the 
foundation. That foundation should be sound rock, if practicable, and 
should a rock foundation be unattainable, firm impervious earth. It may 
be doubted whether any earthen foundation is thoroughly to be relied on 
where the depth of water exceeds 100 or 120 feet. It is not advisable to 
build a masonry dam on an earthen foundation; for the base of the dam 
must be spread to a width sufficient to distribute the pygssure, so that it 
shall not be more intense than the earthen foundation can bear; and this 
involves the use of a quantity of material which would lead to immoderate 
expense if the material used were masoury. 

8. In the case of a rock foundation, the proper material is unquestion- 
ably rubble masonry, laid in hydraulic mortar; and the opinion 6f M. 
Graeff, that continuous courses in building that masonry are to be avoid- 
ed, is fully corroborated by experience; for the bed-joints of such courses 
tend to become chanrels for the leakage of the water. 

4, The very fact, however, of the irregular structure of that masonry, 
renders necessary unusual care and vigilance in superintending its erec- 
tion, in order to insure that every stone shall be thoroughly and firmly 
bedded, and that there shall be no empty hollows in the interior of the 
wal], nor spaces filled with mortar alone where stones ought to be placed. 
The practice of “ grouting,” or filling hollows by pouring in liquid mortar 
should be strictly prohibited. 


* Plate IX. is a copy of Mr. Rankine’s Proposed Dam. Plate VIII. gives some useful information 
regarding dams. 
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5. With respect to the profile of the wall, its figure is in the main to 
be determined by principles nearly the same with those laid down by the 
French Engineers already referred to, and put in practice in the dams of 
the rivers Furens and Ban,-that is to say, the intensity of the vertical 
pressure at the inner face of the wall, should at no point exceed a certain 
limit, when the reservoir is empty; and the intensity of the vertical 
pressure at the outer face of the wall should at no point exceed a certain 
limit when the reservoir is full. 

6. In the theoretical investigations of M. Delocre and the practical 
examples given by M. Graeff, the same limit is assigned to the intensity 
of the vertical pressure at both faces of the wall. But it appears to me 
that there are the following reasons for adopting a lower limit at the 
outer, than at the inner face. The direction in which the pressure is 
exerted amongst the particles close to either face of the masonry, is 
necessarily that of a tangent to that face; and, unless the face is vertical, 
the vertical pressure, found by means of the ordinary formule is: not the 
whole pressure, but only its vertical component; and the whole pressure 
exceeds the vertical pressure in a ratio which becomes the greater, the 
greater the “batter,” or deviation of the face from the vertical. The 
outer face of the wall has a much greater batter than the inner face; 
therefore, in ord@r that the masonry of the outer face may not be more 
severely strained when the reservoir is full, than that of the inner face 
when the reservoir is empty, a lower limit must be taken for the intensity 
of the vertical pressure at the outer face, than at the inner face. 

@. The proposal of the Executive Engineer, to throw the weight of 
the wall further inwards than in the French designs, tends to realize the 
principle just stated; and so far I fully approve of it, and have carried 
it out in the profile which accompanies this report. 

8. I do not, however, concur with the Executive Engineer in the 
proposal to throw the weight of the wall so far inwards as to make it 
overhang, for the following reason: the additional stability against the 
horizontal thrust of the water, gained by giving the wall an overhanging 
batter inwards, is not that due to the whole weight of the overhanging 
masonry, but only to the excess of that weight above the weight of water 
which it displaces ; in other words, about half the effect of the weight of 
the overhanging mass of masonry in giving stability is lost through ite 
bnoyancy ; and hence the additional stability gained by making the wall 
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overhang imwards, is not proportionate to the additional load thrown 
upon the lower parts of the inner face; and more stability would be gain- 
ed by placing a given mass of masonry, so as to form an uniform addition 
to the thickness of the wall, than by making it overhang inwards, 

9. In choosing limits for the intensity of the vertical pressure at the 
inner and outer faces of the wall represented by the accompanying profile, 
I have not attempted to deduce the ratio which those quantities ought 
to bear to each other from theory of the distribution of stress in a solid 
body; for the data on which any such theoretical determination would 
have to be based are too uncertain. The limits which I have chosen, are 
as follows, and they are given in the first place, in feet of a vertical 
column of masonry, whose weight would be equivalent to the pressure ; 
and are then reduced to various other measures :— 


Limits of Vertical Pressure at Inner face. Outer face. 
Feet of Masonry, s os ve 160 ae 125 
» Water, .. ‘ ee oe 320 250 
Lbs. on the square foot (nearly), .. 20,000 15,625 
Métres of Masonry (ncarly),.. ee 49 38 
5 Water (nearly), .. 98 76 
Kilog. on the square centimétre (nearly), 9°8 7°6 


In choosing these two limits, I have been guided by the consideration 
of the following facts. As regards the inner face, where the deviation of 
the direction of the stress from the vertical is unimportant, it is certain, 
from practical experience, that rubble masonry, laid in strong hydraulic 
mortar and good rock foundations, will safely bear a vertical pressure 
equivalent to the weight of a column of masonry 160 feet high, if nothigher. 
As regards the outer face, the practical data given by M. Graeff show that 
masonry of the same quality, in the sloping outer face of adam, will safely 
bear a pressuré whose vertical component, as found by the ordinary rules, 
ig equivalent to the weight of a column 125 feet high. 

10. The same reasons which show that the intensity of the vertical 
components of the pressure ought to be less for a battering than for a ver- 
tical face, show also that this intensity ought gradually to diminish at the 
lower part of the outer face, where the batter gradually increases. In the 
present state of our knowledge, we should not be warranted in framing 
any definite theory as to the law which this diminution ought to follow; and, 
therefore, in preparing the accompanying design, I have thought it best 
to be guided in this, as in the previuus case, by practical examples, and to 
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consider it sufficient to make the law of diminution such, that at the depth 
of 150 feet below the surface, the intensity of the vertical component of 
the pressure at the outer face becomes nearly equal to what it is at the 
Same depth in the outer face of the dam across the Furens—viz., 107 
feet of masonry, or about 63 kilogrammes on the square centimétre. 

11. Ihave kept in view another principle, not referred to by the French 
authors—viz., that there ought to be no practically appreciable tension at 
any point of the masonry, whether at the outer face when the reservoir is 
empty, or at the inner face when the reservoir is full. Experience has 
shown that in structures of brickwork and masonry that are exposed to the 
overturning action of forces, which fluctuate in amount and direction (as 
when a factory chimney is exposed to the pressure of the wind), the ten- 
dency to give way first shows itself at that point at which the tension is 
greatest. In order that this principle may be fulfilled, the line of resist- 
ance should not deviate from the middle of the thickness of the wall, to an 
extent materially exceeding one-sixth of the thickness. In other words, 
the lines of resistance when the reservoir is empty and full, respectively, 
should both le within, or but a small distance beyond, the middle third of 
the thickness of the wall. 

12. As regards the effect of giving the wall a curvature in plan, convex 
towards the reservoir, I look upon this as a desirable, and in many cases 
an essential precaution, in order to prevent the wall from being bent by the 
pressure of the water into a curved shape, concave towards the water, and 
thus having its outer face brought into a state of tension horizontally, 
which would probably cause the formation of vertical fissures, and perhaps 
lead to the destruction of the dam. I consider, however, that calculations 
of stability which treat the dam as a horizontal arch are so uncertain as 
to be of very doubtful utility ; and I would not rely upon them in design- 
ing the profile. In fixing the radius of horizontal curvature, I consider 
that the Engineer should be guided by the form of the gorge, in which the 
dam is to be built, making that radius as short as may be consistent with 
convenience in execution, and with making the ends of the dam abut nor- 
mally against the sound rock at the sides of the gorge. 

18. The conditions which have been observed in designing the accom- 
panying profile, may be summed up as follows :-— 

A. The vertical pressure at the inner face not to exceed 160 feet of 

masonry ; 
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B. The vertical pressure at the outer face not to exceed 125 feet of 
masonry at the point where it is most intense, and to diminish 
in going down from that point; 

C. The lines of resistance when the reservoir is full and empty, respect- 
ively, to be within, or near to the middle third of the thickness 
of the wall. These are limiting conditions, and do not prescribe 
exactly any definite form. 

In choosing a form in order to fulfil them without any practically im- 
portant excess in the expenditure of material beyond what is necessary, I 
have been guided by the consideration, that a form whose dimensions, sec- 
tional area, and centre of gravity, under different circumstances, are found by 
short and simple calculations, is to be preferred to one of a more complex 
kind, when their merits in other respects are equal; and I have chosen 
logarithmic curves for both the inner and the outer faces. 

14. The constant subtangent common to both curves (marked AD in 
the drawing) is 80 feet; this bears relations to the vertical pressures which 
are stated in the Appendix. 

The thickness CB at 120 feet below the top is 84 feet; and of this one- 
fourteenth, AC = 6 feet, lies inside the vertical axis OX, and thirteen- 
fourteenths, AB, 78 feet, outside that axis. The formula for the thick- 
ness ¢ at any depth 2, below the top, is as follows :— 

way 
t=mt,.e@ a 


or in common logarithms 
log ¢ = log t, + 0-4348 ——“! stevees seesscscees (LA), 


in which a denotes the subtangent t80 feet), and ¢, the given thickness 
(84 feet) at the given depth (120 feet) below the top. The thickness at 
the top is 18°74 feet. 

15. In the profile, horizontal ordinates are drawn at every 10 feet of 
depth from the top down to 180 feet, and their lengths, from the verti- 
cal axis OX to the inner faces, respectively, are marked in feet and deci- 
mals. In each case those ordinates are, respectively, one-fourteenth and 
thirteen-fourteenths of the thickness. Intermediate ordinates at inter- 
vals of 5 feet can easily be calculated, if required, by taking mean pro- 
portionals between the adjacent pairs of ordinates at intervals of 10 feet. 

16. The sectional area of the wall from the top down to any given 
depth, is found by multiplying the constant subtangent (a == 80 feet) by 
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the difference ,¢ — ¢.) between the thickness at the top, and at the given 
depth ; that is to say 


f? dig SB accciiasienensteaea 


17. The vertical line through the centre of gravity of the part of the 
wall above a given horizontal plane, stands midway between the middle of 
the thickness at the given horizontal plane, and the middle of the thick- 
ness at the top of the wall; and thus have been found points in the curve 
marked “ Line of Resistance, Reservoir Empty.” 

18. Supposing the reservoir filled to the level of the top of the wall, 
the moment of the pressure exerted horizontally by the water against 
each unit of length of wall from the top down to a given depth (x) is 
found by multiplying the weight of a cubic unit of water by one-sixth of 
the cube of the depth; and if we take, for convenience, the weight of a 
cubic unit of masonry as the unit of weight, and suppose the masonry to 
have twice the heaviness of water, this gives us, for the moment of hori- 
zontal pressure, 


M — 7 SOOO OCCOH secre eeeDEeEoeseeeeeses (3). 


19. The moment of horizontal pressure, expressed as above stated, 
being divided by the area of cross-section above the given depth, gives 
the horizontal distance at the given depth between the lines of resistance 
with the reservoir empty, and full, respectively ; that is to say 





M. 2 
fide 12 a (t — t,) evccees o sevccccescesveveene( A) 


and thus have been found points in the curve marked “ Line of Resistance, 
Reservoir Full.” 

20. In the preceding formule, the pressure of the water against the 
inner face of the wall is treated as if it were wholly horizontal (as in the 
investigations of M. Graeff and M. Delocre). In fact, however, that 
pressure, being normal to the inner face of the wall, has a small inclina- 
tion downwards; and, therefore, contains a small vertical component, 
which adds to the stability of the wall. The neglect of that vertical 
component is an error on the safe side. 

21. To find the mean intensity of the vertical pressure on @ given 
‘horizontal plane in the masonry, expressed in feet of masonry, divide 
the sectional area by the thickness at the given plane; that is to say 
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Stdxz_ ( _ £6) 
eae asc zt ) eeeve evvece Coesescees eee rere8 (5). 
To find the greatest intensity of that vertical pressure according to the 


ordinary assumption that, it is an uniformly varying stress, in other words, 
that it increases at an uniform rate from the face furthest from the line 
of resistance, to the face nearest to that line, the mean intensity is to be 
increased by a fraction of itself expressed by the ratio which the deviation 
of the line of resistance from the middle of the thickness bears to one- 
sixth of the thickness; that is to say, let p denote that greatest intensity, 
expressed in feot of masonry, and r the deviation of the line of resist- 
ance from the middle of the thickness; then 


p=a (a—#} (3 +7] iscctareasmnaipiises (6). 


When that deviation is appreciably greater than one-sixth of the thick- 
ness, the preceding rule is no longer applicable, but this case, as already 
explained, ought not to occur in a reservoir wall. 

The assumption on which the rule is based, of an uniform rate of vari- 
ation of that component of the pressure which is normal to the pressed 
surface, is known to be sensibly correct in the case of beams, and is pro- 
bably very near the truth in walls of uniform or nearly uniform thickness. 
Whether, or to what extent, it deviates from exactness in walls of vary- 
ing thickness, is uncertain in the present state of our experimental 
knowledge. 

22. The range of different depths to which the same profile is appli- 
cable without any waste of material, extends from the greatest depth shown 
on the drawing, 180 feet, up to 110 feet, or thereabouts. For depths 
between 110 feet and 80 or 90 feet or thereabouts, the waste of material 
is unimportant. For depths to any considerable extent less than 90 feet, 
the use of a part of the same profile gives a surplus of stability. For 
example, if the depth be 50 feet, the quantity of material is greater than 
that which is necessary in the ratio of 1:4 to 1, nearly. For the shallow 
parts, however, at the end of a dam that is deep in the centre, I think it 
preferable to use the same profile as in the deep parts, notwithstanding 
this expenditure of material, in order that the full advantage of the abut- 
ment against the sides of the ravine may be obtained. In the case of a 
dam that is less deep in the centre than 110 feet, the following rule may 
be employed: Construct a profile similar to that suited to a depth of 110 
feet, with all the thicknesses and ordinates diminished in the same pro- 
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portion with the depth. The intensity of the vertical pressure at each 
point will be diminished in the same proportion also; but this does not 
imply waste of material; the whole weight of the material being required, 
in order that there may be no appreciable tension in any part of the wall. 


W.J.M.R, 


Aprrenpix ©. 


MATHEMATICAL PRINCIPLES OF THE Prorite Curves. By Professor 
W. J. M. Rankine, C.E., $e. 


I.—Principles relating to all forms of Profile. 

Let ¢, as before, be the thickness of the wall in a horizontal plane at 
the depth x below the top; then taking the weight of a cubic unit of 
masonry as the unit of weight, the weight of each unit of length of the 
wall above that plane is expressed by 


"tda 
In order that there may be no ‘appreciable tension at the outer edge of 
the given plane when the reservoir is empty, nor at the inner edge when 
it is full, the centre of resistance of that plane ought not to deviate from 
the middle of the thickness by more than about one-sixth of the thick- 
ness; inwards when the reservoir is empty, outwards when it is full. 
Let y denote the deviation of the centre line of the thickness of the wall 


outwards from a vertical axis OX ; so that y ~ and y 4 5 are the co- 


ordinates of the inner and outer faces of the wall, respectively ; and when 
v= 0, let y = Yo. 

The line of resistance when the reservoir is empty, cuts the horizontal 
plane at the depth « in a point vertically below the centre of gravity of the 
part of the wall above that plane; and in order that the weight of the wall 
may be thrown as far inwards as is consistent with there being no appre- 
ciable tension at the outer face when the reservoir is empty, the deviation 
of that line of resistance from the middle of the thickness of the wall 
ought not materially to exceed one-sixth of the thickness ; hence, if r’ be 
taken to denote the inward deviation in question 
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Let w be the ratio in which the masonry is heavier than water. Then 
the moment of the horizontal pressure of the watcr above the same plane 
on each unit of length of wall is 

M = = 
Ge 

The vertical component of that pressure is neglected, as explained in 
the body of the report. The extent to which the centre of resistance at 
the given horizontal plane is shifted outwards by the pressure of the water 
18, : 

ee ey ee Tee ¢:)) 


in which r denotes the outward deviation of the line of resistance from 
the middle of the thickness when the reservoir is full, and the condition 
that the centre of resistance when the reservoir is full is not to deviate 
from the middle of the thickness by more than about one-sixth of the 
thickness, is expressed by the following formule, in which r denotes the 


outward deviation. 
at w 
_wt fcatae 


ee 
Tids 


te) 


The formul# A and C express the condition that there shall be no prac- 
tically important tension in the masonry at any horizontal plane. 

Let p’ and p be the vertical pressures at the inner and outer faces, res- 
pectively, at the depth 2; and P’ and P the limits which those pressures 
are not to exceed. Then we have as another pair of equations to be sa- 


t 
_ y = or < 6 nearly... (C). 





tisfied . 
zx 
| 6 J tde 
P —_— (2 — } ; ==: OF < Pp’ eogcecceces (D). 
"tde@ 
Pp — (1 -+- = } fo tes _—— or < P COusw 808 eC0 ¢E). 


Il.— Principles relating to the Logarithmic Curve Profile. 


As a means of satisfying the equations of condition to a degree of ap- 
proximation sufficient for practical purposes, let the inner and outer bound- 
aries of the profile be all three logarithmic curves with the vertical axis 
OX for their common asymptote, and having one common constant subtan- 
genta. It may be remarked that one reason for adopting the logarithmic 
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1 ig its giving a thickness at the top of the wall sufficient for the 
formation of a roadway; and that another reason is, its giving values to 
the intensity of the pressure at the outer face below the point of maximum 
pressure, which diminish as the latter increases. Let the ratio borne by 
the deviation y of the centre line of the thickness from the vertical axis 
to the thickness ¢ be expressed by 


c= 


oe 


Then we have the following equations :— 
= 
t — to @e ¢ PUTT OTTETULITELILI LALIT TEEL ITEP ET Ie ETP rerecrrerrrirerirreri ric (F). 
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When the values given above are substituted in the expressions of 
conditions, A, C, D, and K, the formule: obtained are of a kind incapable 
of solution by any direct process. They can, however, be solved approxi- 
mately without much difficulty by the process of trial and error; and 
such is the method by which the dimensions of the profile sent with the 
report have been obtained; the constants employed being w = 2; P’ = 
160 feet; P = 125 feet. The general nature of the process of approxi- 


mation followed may be summed up as follows.. By making ce =O; 
an equation is obtained involving the value of = which makes p a maxi- 
mum. That equation shows that as a first approximation to that value we 


may take = This first approximation is inserted in equation K; and by 
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making r’ = , there is deduced from the equation an approximate value 


ofc. Then, in equation M, by inserting the approximate values of ~and 
ofc, and making p’ = P (the limit of p), there is obtained an approximate 


value of a; and by making r = : in equation L, an approximate value of 


t. The several first approximate values being then inserted in - = Q, 


there is obtained a correct value of ~ , which is found to be about = ‘and 
a 


thence, by means of equation N, the actual maximum value of p is com- 
puted, and found to fall slightly within the prescribed limit. Finally, as 
a test of the approximations, equations K, L, M, and N are applied to 
a series of values of x extending from the top to the bottom of the wall. 
As to the degree of approximation obtained, the greatest values of p’ and 
p are, respectively, 154 and 124 feet, instead of 160 and 125 feet; aud there 
are, as the drawing shows, some small deviations of the lines of resistance 
beyond the nnddle third of the thickness ; but not sufficient to be of prac- 
tical importance. 

The following table contains some additional values of the vertical prese 
sure at the outer face, at and near the point where it is more intense :— 


Depths, feet; 90 100 110 120 180, 
Vertical pressures, , 114 122 124 122 117, 


W. J. MR. 
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No. LXIX. 


REPORT ON RATES OF WORK IN BERAR. 
By Mx. R. G. Exwus, Asst. Secy. P. W. Department, Hyderabad. 


Te causes which tend to make rates of work higher in Berar than else- 
where may be divided under three heads :— 
I.— Peculiarities of soil and climate. 
TI.—Cost of imported materials, 
ITI.—Cost of labor. 

I.—Peculiarities of soil and climate. 

Berar is particularly unfortunate in being almost destitute of briok- 
earth, potters’ clay, lime stone, and timber. 

The soil is generally “ regur,” or what is called “ black cotton soil.” 
Under this lies either trap rock, mostly basaltic, or “ moorum,” a kind of 
gravel believed to be the result of the decomposition of trap. True clay, 
whether pure and plastic, or in the form more suitable for bricks, scarcely 
exists throughout the Province. The substitutes which the natives use 
are the slimy mud which collects at the bottom of ponds and tanks, and 
“ pandree mittee,” a whitish earth of argillaceous appearance which is 
found mainly on the sites of villages, and is probably a mixture of the 
tank mud from which the houses were originally built, with the sweepings: 
and refuse of ages. Jt contains much organic matter and salts, and is 
unfit for brickmaking. 

This absence of clay contributes very greatly to the costliness of build. 
ings in Berar. A large class of structures, such as police stations, jails, 
quarters for native establishments, inclosure walls, out-offices, interior 
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walls to larger buildings, &c., &c., which are elsewhere built with mud, 
or with sundried bricks set in mud mortar, have here to be constructed of 
far more expensive materials. | 

The next cheapest style of work, common in other districts, consists of 
burnt bricks set in mud mortar. But even if the porous and friable 
bricks alone obtainable in Berar, which are sometimes so bad as actually 
to float in water when first immersed, could be used in this way, the 
cementing material, clay, is wanting. The mud to be procured will not 
stand the washing of the heavy monsoons, nor the occasional leakage from 
above which would not injure a better clay. Attempts have been made 
to use stone set in mud mortar for post offices, police stations, and other 
minor buildings, but the above defect, with the peculiarities of the stone, 
to be hereafter described, have caused the rapid and general failure of 
these buildings which are now being re-placed at much expense with more 
durable materials. The use of stone in mud mortar, such as is alone 
procurable, has been clearly shown by extensive experience to be false 
economy in Berar, unless in exceptional circumstances. 

The want of potters’ clay also causes serious expense in the matter of 
roofs. 

The tiles, obtainable in small quantities only, are so inferior, and from 
the high price of fuel, so expensive, that the use of tiled roofs is becom- 
ing more and more doubtful in economy, while the impossibility of 
preventing leakage from the porosity aud fragility of the tiles, and the 
expense and annoyance of continual repairs, are sources of much com- 
plaint. 

Flat terrace roofs, as will be seen further on, are very costly; flat mud 
roofs as commonly used in the North-West will not stand, from the 
nature of the mud; and in short it may be said that there is no such 
thing as a cheap satisfactory roof in Berar, except thatch, which of course 
is inadmissible from its infammability. 

Except two local deposits, neither of which are generally available for 
the operations of the department, there is no good lime stone in Berar. 
We are mainly dependent for lime upon kunkur, and deposits of a similar 
nature, approaching more nearly to limestone than the ordinary kunkar 
of the North-West. Some of these deposits yield an excellent lime, but 
they are capriciously distributed and scarce. The cost of fuel is also very 
high; the scrub and larger jungle which once covered large tracts have 
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almost disappeared from the Berar valley. Firewood and charcoal have 
to be brought from long distances; in many cases from tracts under 
Forest Rules, where the tax levied, though perhaps not large in itself, 
falls heavily on the departmental operations from the considerable quan- 
tities consumed. Thus the cost of fuel, and the distances from which it 
has aften to be carted, tend to increase the expense of all works into 
which tiles, lime, or iron enter as materials. 

In addition to the cost of fuel, the absence of larger timber is an im- 
portant element in the cost of works in Berar. Timber is so scarce that 
even for domestic and private use, inferior timber is brought frém Bombay 
and sold in the larger bazars by private merchants. For all those minor 
purposes for which most districts in India supply local timber, it is neces- 
sary to import wood from Bombay; and the difference in price between 
teak and the inferior kinds obtainable there is not sufficient (except in a 
few special cases) to compensate by the saving for the loss of superior qua- 
Jities in the former. When every rafter and doorpost has to be brought 
by rail from Bombay, and afterwards carted 50, 60 or even 80 miles, it 
may easily be conceived how the cost of woodwork runs up. 

Having nuw mentioned some of the negative peculiarities which enhance 
prices in Berar, some positive disqualifications, arising out of the soil and 
climate, require notice. In the first place the Province is but sparsely pro- 
vided with metalled roads, and wherever these are not, the black soil 
becomes an impassable quagmire from June to the beginning of October. 
During another period, from about December till April the carts of the 
country are occupied in taking cotton to market, and thus it is only at 
limited periods that carriage is available in quantity, But the operations 
of the department cannot be confined to these restricted periods; hence 
the cost of carriage is increased by the competition of cotton sellers, and 
this affects more or less, in the conveyance of materials, every work un- 
dertaken. The cost of carriage will be further noticed under the head of 
labor. : 

Another disadvantage under which Berar suffers, is the unsuitability of 
the only stone generally procurable, for building purposes. It is a hard 
intractable basalt, which has no regular cleavage, and a highly irregular, 
often conchoidal, fracture, It is very liable to split, but from the absence 
of cleavage this makes it all the more difficult to dress into any regular 
shape. An attempt at a class of work better than random rubble, ends in 
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most expensive block-in-course, or else the notorious “ breadseal ” work, of 
which a full description will be found in the Roorkee Professional Papers, 
[ New Series, No. XVIII.] The paper referred to explains clearly the diffi- 
culties of executing masonry in a trap country, and a perusal of it will 
throw much light on the costliness of work in Berar. 

The nature of the rock makes it both difficult and expensive to introduce 
& proper proportion of bond-stones; while the want of adhesion of mortar 
to basalt, the want of porosity in the stone, and the great heat and dryness 
of Berar, cause a two-fold increase of expense, in the extra massiveness 
required for safety, and the necessity of long continued watering to pre- 
vent the mortar crumbling into a dry powder before it has time to set. 

The details given above will explain why it is necessary so largely to use 
imported materials in Berar. These consist chiefly of teak, and iron in 
various forms, and their unavoidable costliness is the second main element 
in the high rates of Berar, noted in page 96. 

The cost of carriage, the waste in conversion, and the expense of saw- 
yer’s labor, make it advisable as a rule to purchase teak in Bombay ready 
sawn to the required scantlings. The rate paid is usually about Rs. 24 
to 3 per cubic foot. Thecost of Railway carriage for ordinary lengths 
to Akola is about Rs, 0-18-3 per cubic foot, and to Oomraotee, Rs. 
0-15-4. If more than 120 cubic feet are sent in one consignment the 
rates are somewhat less. Should the length however exceed 20 feet 
the charge is considerably increased. For such timbers the Railway Com- 
pany’s Rules require that two wagons be paid for at a minimum charge 
for 3 tons, or 120 cubic feet each. It would seldom happen that the ac- 
tual weight of timber carried would amount to this; the effect therefore 
is to lay a varying and it may be excessive charge per cubic foot on the 
timber carried. The department bas no control over charges of this kind; 
but it appears inexpedient that the Railway Company should impose pro- 
hibitory rates. Under the present system cases might easily occur in 
which it would be cheaper to cart timber the whole way from Bombay 
than to send it by rail. In fact, at this moment timber is being carted all 
the way from the Madras coast to Secunderabad, instead of bringing it up 
by rail, as the former plan is found cheaper. 

In ordinary cases, however, sawn teak costs delivered at Akola about 
Rs. 8-6 to 3-14 a foot and at Oomraotee, Rs. 3-8 to 4. The waste in 
framing, and the cost of: carpenters’ Inbor in framing and erecting, with 
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catriage to site, bring up the final cost to the prevailing rates of Rs. 5-8 
to 6-8 per cubic foot. These are doubtless very high, but it is not clear 
how they can be reduced. 

The cost of wrought-iron in Bombay is about as follows :— 


Bars a ‘e Rs. 6 to 8 per cwt. 
Girders... soe » 12 9 
Trusses... wee » 18 3 


The necessity of working up the iron with rude uppliances and unskilled 
smiths, compels the purchase of expensive brands, as they are the most 
easily worked. 

‘Cast-iron costs in Bombay Rs, 6 to 8 per cwt. for ordinary castings. 
The cost of carriage to Akola is Rs, 1-3-3 per maund, and to Oomraotee, 
Rs. 1-6-3, and for castings erected at stations on the line of rail the rate 
is about Rs. 12 per cwt. 

The rate for wrought-iron erected and fixed in framework of roofs and 
similar work is about Rs. 25 per cwt. 

A great part of the cost lies in the working up of the iron on the spot 
(due partly to cost of fuel mentioned above, partly to cost of labor,) and 
in the carriage to site. 

The carriage of castings is expensive owing to their weight. Indeed 
there are few situations off the line of Railway, in which cast-iron can be 
used to advantage. e 

For reagons given above, tiled roofs are not suitable for buildings of any 
importance in Berar. Terraced flat roofs are objectionable from the infe- 

riority of the bricks and tiles of the district, and costly, from their weight 
requiring strong walls, and massive beams of expensive teak. The ad- 
vantages of corrugated iron have led to its being largely used in Berar ; 
but it is not acheap roof. The covering itself costs about Rs. 50 per 100 
square feet, It has the advantage of requiring only a light framing ; and, 
indeed, in small buildings, no frame at all. But it is necessary for cool- 
ness to provide a ceiling, and the experiments which have been made with 
plaster ceilings on the English plan, substituting split bamboos for laths, 
have not been altogether satisfactory. At presenta planked ceiling of pine 
appears the best; this costs about Rs. 18 per 100 square feet. 

The third cause of the high rates in Berar, and one which enters into 
nearly every item of our estimates, is the cost of labor. 

This affects not only the “labor” rate so called, but also the cost of 
all our local materials; for in fact the price of these commouly represents 
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little more than the labor expended in procuring them. The rent of 
quarries and such charges form but an insignificant portion of the cost of 
materials delivered, except perhaps in the case of timber, where the price 
of the standing tree forms an exception to the rule. 

The high rates in Berar attracted attention as far back as 1862, when 
Captain Tyrrell, then Executive Engineer, Berar Division, reported in 
reply to remonstrances as to the cost of his works, to the following effect :— 
When he arrived in Berar in 1857 he found the wages of masons or brick- 
layers to be about 4 annas per diem, but they were so few in number and 
so unskilled that he was obliged to import workmen from Hyderabad and 
Nagpore. To induce these men to leave their homes, it was necessary to 
offer high wages, 6 or 7 annas per day. There were, according to Captain 
Tyrrell, no ordinary laborers to be had, as the ‘‘ Dhers” or low caste 
village servants, could earn enough in a lazy way about the villages to sa- 
tisfy them, and coolies also had to be imported. 

Carts were but little used in Berar, on account of the nature of the deep 
black cotton soil. The few that existed were required for agricultural 
purposes. Numbers of carts were sent into Berar from Bombay or from 
other districts under engagements to cart cotton down, for which fancy 
prices were paid, and the rate of cart hire thus became abnormally high. 

Brick earth scarcely exists in Berar, and Captain Tyrrell states that the 
Railway Company although they had experienced English brick makers, 
lost 50 or 60 lakhs of bricks in the vain endeavour to turn out a service- 
ablearticle. The only alternative available was the basalt, the peculiarities 
of which have already been described. In 1862, Captain Tyrrell says the 
Railway contractors were paying 15 Rs. per cubic yard or 55°5 Rs per 100 
cubic feet for masonry. In illustration of the general rise of prices he 
mentions that gram had risen from 45 seers per Re. in 1857 to 25 in 
1862; and that wheat flour was at 12 scers, and had been 8. 

In March 1863, Captain Tyrrell gave the following detail of the cost of 
his masonry :— 


Rs. A. 
200 stones, at 3 Rupecs per 100, ... sai . 6 O 
Carriage 5 miles (average), at Rs, 2-2 per mile, 10 10 
6 masons, at 8 annas, aus coo ove oo 3 OO 
Lime, eee eee eon oes ooo eee 3 8 
Coolies and sand, oo. ees eae eee oe «68 lO14 


Per 100 cubic feet .. 27 O 
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It will be noticed that masons then cost 8 annas a day; they now get 
12 to 14 annas; carts were 10 annas a day, they now cost 1 Re. and 
sometimes Rs. 1-4. 

In January 1864, Captain Foord brought to special notice the cost of 
carriage in Berar. For travelling in one direction a cart and pair of bul- 
locks then cost 4 annas a mile, or Rs. 2-8 for’ a short march of 10 
miles, and by daily wages they received 2 Rs. a day. Camels cost 5 Rs. 
‘per day. These enormous rates were caused he says by the competition 
of native speculators trying to get their cotton down to Bombay. In 
June 1864, Captain Foord with regard to certain rates in a schedule 
prepared by him, that were objected to by the Chief Engineer, reported 
that carts were still 2 Rs. a day, but that he hoped to reduce this rate to 
50 Rs. per mensem by importing from Secunderabad ; that bamboos were 
10 Rs. per 100; and remonstrated generally against any reduction of 
his rates, which were based on what he was actually paying. 

In November 1864, Mr. Allan Wilson, Executive Engineer at Aurung- 
abad, reported that he had been obliged to raise all his rates. Coolies 
were then getting 3 annas, inasons 10 annas, carts 12 annasa day. The 
rates at Aurungabad have never risen quite so much as in Berar itself 
partly because the works have been small, partly from the distance of the 
station from the Railway, partly because cotton is less extensively grown 
in the district. 

Mr. Wilson also stated that laborers, skilled and unskilled, were emi- 
grating to Berar, and even to Bombay to obtain the higher rates there 
prevailing. 

It will thus be seen that the high rates in Berar date from the increas- 
ed traffic in cotton which arose in 1862; they reached a maximum about 
1864-65, and have since somewhat decreased. 

Tables are attached showing the prices of the chief materials, labor, 
and classes of work :— 

(1.)—As estimated by Captain Foord in his Schedule of 1866-67. 

(2.)—As estimated by the Executive Engineers, Kast and West Berar, 

in revised Schedules prepared in 1870. 

(3.)—From recent estimates and completion reports. 

Another table shows the average working rates for certain items for 
each of the six years ending with 1870-71. 

These however are deduced from works in progress and whenever the 
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accounts are not very accurately kept, the working rate during construction 
does not show the real cost ; but although some discrepancies appear in the 
table from this cause, it fairly represents the average rates on the whole. 

From the facts that an ordinary unskilled laborer earns about 4 annas 
a day, and that artizans earn from 12 annas to 1 Re., while mistries or 
foremen usually receive abont Rs. 1-4, the high prices of materials and 
of completed work follow as a natural consequence. 

It will be seen that there are some discrepancies in the rates of the 
East and West Berar Division as entered in the Sehedules of 1870, 
arising from under-estimate in the latter, and from the abnormally high 
rates attained in the former, under a previous Executive Engineer. The 
rates in the two divisions have since tended towards uniformity. 

The cost of earthwork, Rs. 8 for dressed foundations, and about Rs. 
6 for ordinary banks and cuttings in road work, is high compared with the 
rate of cooly Jabor, 4 annas a day. But it must be explained that the 
supply of such coolies is very limited, and that for all earthwork ona 
large scale, quarrying, collection of read metal, &c., recourse mnst be had 
to the wandering tribes of Wuddurs (called in the North-West Oodes, or 
Oords.) These men have Jong been accustomed to high wages on the 
Railways, and like our Hpglish navvies they live well and expensively. 
They will not work except at rates which bring them large wages. 

It is scarcely within the province of this report to discuss the general 
reasons why labor is dearer and prices higher in Berar than in other dis- 
tricts of India. The laws governing the rate of wages form a disputed 
chapter in political economy ; but there are certain circumstances existing 
in Berar which may well be noticed here, as affecting the possibility of 
reducing the cost of labor by importation. 

It has lately been urgued with considerable force* that the wages of un- 
skilled labor are determined in a country where access to land is not 
artificially restricted, by the amount which a peasant can earn by farming 
on his own account. Now Berar is a district where ‘“ free trade in land” 
eminently prevails. | There are the greatest facilities for taking up or 
relinquishing land for cultivation, and as only one-fourth, it would seem, 
of the cultivable area is under cultivation,t it is not as yet necessary to 


resort to the poorer soils. Further the settlement is “ ryot-waree ” and 


* Westminster Review, No. LXXI., January 1872, page 188, et seq. 
+ Administration report, 1870-71, page 16. 
t Ibid, page 2. 
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the assessment light ; the balance of the produce, after paying the Govern- 
ment share, which under a Zemindaree tenure is divided between the 
proprietor and the actual cultivator, in Berar goes wholly to the latter. 
Lastly, the staple of the district, cotton, is a very profitable crop. The 
result of all this is that agriculture is both a profitable and an accessible 
occupation, and not until cultivation has extended to a much larger area 
so that the new comers are restricted to the poorer soils, and the profits 
limited accordingly, can it be expected that immigration will materially 
lower the wages of unskilled labor. 

The rate of wages of the artizans is subject to more complex conditions ; 
it is affected by competition, cnstom, the price of food, and by the stand- 
ard of living customary with these classes. The price of food in Berar is 
high, because so much of the land is taken np with cotton that cereals 
have io be imported, Further the competition for skilled labor during 
the construction of the Railway established a high rate of wages, and na- 
tives are especially unwilling to submit to a reduction of nominal rates even 
when from an increase in the purchasing power of money, such reduction 
would leave them really as well off as before. The attachment of the na- 
tives to “ dustoor” has thus prevented the reduction of wages which might 
have been expected to follow the general fall gf prices after the cotton 
crisis. 

In addition to this, the standard of living or of comfort to which they 
are accustomed has gradually risen, and they would now be unwilling to 
accept the wages of 12 or 15 years ago, even if the purchasing power of 
money were the same. 

Thus the only prospect of reducing the cost of skilled Jabor would be 
the accession of a state of things in which the supply much exceeded the 
demand, which in time would induce the artizans to submit to lower wages 
to procure employment at al]. Itis notorious, however, that the tendency 
1s quite in the opposite direction. 

It seems doubtful whether the increase of the artizan class has kept pace 
with the great extension of Public Works in the last few years, and in 
every direction there is difficulty in collecting masons, carpenters and smiths. 

Indeed it seems a matter for consideration whether a systematic effort 
should not be made, either by technical schools or by some plan of Govern- 
ment apprenticeships, to train up an increased supply of skilled workmen. 

It will be seen from the above report that there is little prospect of a 
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reduction in the current rates of work in Berar, depending as they do on 
the wages of skilled and unskilled labor, both of which are practically 
beyond our control, The direction in which our efforts for economy seem 
most to promise success is the substitution of special materials and modes 
of construction for those hitherto in use. Could any of the various forms 
of building in béton, pisé work, or concrete be successfully introduced into 
Berar, a material saving might be effected in the most expensive portions 
of our constructions. 

The experiments about to be carried out on the limes and cements of 
Berar will help towards this end. 

The expense of carriage forbids the use of Portland cement from Eng- 
land, but it may be hoped that cre long that invaluable material will be 
made available to the Indian Engineer by the establishment of looal manu- 
factories. With Portland cement the success of concrete building would 
be assured, but so Jong as we are dependent on local limes of uncertain and 
varying composition, the employment of such a material in large buildings 
must always be attended with more or less risk. 
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Work COMPLETE. 


Excavating foundations not 
exceeding 5’ deep, per 1,000, 

Brick in lime mortar, plain 
walling, not exceeding 20 
from the vround, per 100,.. 

Stone concrete, including fll- 
ling, per 100, 

Madras terraced roofing (ex- 
clusive of joists), per “100, . 
Rubble masonry in lime in 

superstructure, per 100, 
Coursed rubble, per 100, 
in arches includ- 
ing cere, 
Block in course, ‘ 
Ashlar, per square foot, 
Meoulmein teak, tixed and 
framed, 
13 framed panelled teak doors 
square feet .. 


”? 


ee ee 


LABORERS. 


Laborers for earthwork, .. 
Boys, .. 
Women, _ F 
Cart and pair of bullocks, es 
Pair of bullocks and driver, 
Bricklayer, mistry, .. 


% ordinary,.. s 
43 inferior, .. ae 
Stone-cutters, .. bs af 
Stone-masons, .. oe * 
Black-smiths, .. ‘ss oe 
Hammer-men, .. a “3 
Carpenters, mistry, .. a 
y ordinary,. es a 
‘ inferior, .. on 
MATERIALS. 


Delivering hard moorum at 
roadside road, not exceed 
ing 4a mile, per 1,000 c.f, 

Bricks 9” x 4h” x Q3" deliv- 
ered at the works, per 1,000, 

Pan tiles delivered at the 
works, per 1,000, _ .. . 

Flat tiles delivered at the 
works, per 1,000, . 

Lime burut at works, per ], 00 
cubic feet, . 

Charcoal burnt at works. per 
maund, 

Rubble ‘stone delivered at 
works, per 1,000 cubic feet, 

Arch stones, per 100 stones,.. 

Moulmein teak beams, die 
Square, per cubic foot, .. 











RATES OF WORK IN BERAR. 


Fast Berar | 


ee ee ere 


! 


| 
| West Berar 
1866-67. dchedule, Schedule, 
| 1870. 1870. 
Rupees. Rupees. | Rupees. 
8 8 : 6 
25 29 30 
15 15 15 | 
30 30 35 
36 35 39 
44 38 40 | 
48 ES 69 48 - 60 48 x0 60 
1-0 if 1-4 1-4 ne 1-8 1-0 s 1-4 
4-2.0 D 
1-4-0 2-4-0 
0-4-0 to 0-6-0 | 9-3- , a aa 0 4-6 to 0-5-0 
0-2-0 (-2-0 
0-2-6 to 0-3-6 | 0-2- 0 7c et 0-2-0 
1-8-0 1-0-0 1-4-0 
1 0-0 Q 12-0 1-0 0 
1-4-0 1-4-0 1-4-0 | 
0-12-0 to 1-0-0 |0-12-0 to 0-140 0-12-0 to 1-0 0 
0-8-0 0 8-0 | 0-8 0 
0-14 0 0-14 0 0-14-0 
0-12 0 0-12-0 0 12-0 
1-0 0 to 1-4-0 | 1-0-0 to 1-4-0 | 1-0-0 to 1-4-0 
0-8-0 0-8-0 0-8-0 
1-4-0 140 | 1-4-0 
ir 0 to 1-0-0/0-12-0 to 1-0-0, 0-14-0 to 1-0-0 
0 to 0-10-u/ 9-8-0 to 0-1-0 | 0-8-0 to 0-10-0 
8 ld 15 
9 9 9 
6 6 6 
4 4 4 
28 32 32-8-0 
2-8 0 es 2-8-0 
16 10 10 
30 85 30 
3 6-8* 3-8-1 


' Including labor. 
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| Fast Be- | Weet Ro. 
‘Tar Esti- | rar Feti. 
| Mates, 
1 1871-72. 


mates, 


1871-72, 


| 
Rupees. Rupees, 


32 to 36 


66 


5-8-0 
1-10-0 


e 
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1-8-0 


5-8-0* 
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EXPERIMENTS ON SELENITIC MORTAR. 
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By Caer. E. V. Twemtow, R.E., Erec. Engineer, Belgaum. 


Tue annexed tables show the breaking or tensile strain on an area of 
four square inches of selenitic common lime gauged 
neat and with different proportions of sand. 

The mould in which the test bricks were made, was 
shaped as per sketch, so as to give a scctional area of 
two inches square at the point of fracture. 

The weights were applied by means of a wooden 
lever constructed as per sketch. 

The scale platform, containing the weights, was made 
to move along the Jonger arm, by suspending it toa 





smal] carriage or roller. 
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The lime, styled “ selenitic,” was manufactured by slaking the common 
freshly burnt lime with water containing five per cent. of strong sulphuric 
acid (oil of vitriol). 

The lime used throughout the experiments is that in ordinary use at 
Belgaum. It is burnt from a large sized kunkur, containing a consider- 
able proportion of clay in its composition. The lime is burnt with charcoal 
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in ordinary native kilns. The sand is coarse black river sand. The mor- 
tar used on the Belgaum barracks is a mixture of 1 part of this unslaked 
lime, to 14 parts of sand, and numerous experiments have shown its mean 
tensile strength on an arca of four square inches, to be as follows :— 


Age. Breaking at 
10 days, win os os 90 Its. 
20 ,, ee oe oe 120. .4, 
30 ee ee oe 150, 
60 ,, “eo ee oe 170 ,, 


The addition of the sulphuric acid has the effect of doubling the strength 
of the lime; also it enables the lime to bear an admixture of three times 
the quantity of sand to reduce it to the strength of ordinary mortar made 
with plain water. To slake one cubic foot of fresh lime, requires 20 pints 
of the acid solution, so that in a 5 per cent. solution, one pint of pure acid 
is necessary. If selenitic mortar composed of 1 of lime to 4 of sand is 
used, about 74 cubic feet of lime would be required for 100 enbic fect of 
rubble masonry: or, 74 pints (equal to 17 ths.) of sulphuric acid, which at 
the Belgaum price of 8 as. per Ib. would add Rs. 8-8 to the cost of masonry 
per 100 feet. Against this may be placed the saving in the quantity of 
lime, or about 8 cubic fect, if mortar of 1 lime to 2 of sand be in ordinary 
use. The relative cost would be in favor of the selenitic mortar, only in 
those places where lime is very expensive, or where the materials for the 
manufacture of sulphuric acid exist. 

The experiments are not sufficiently numerous to establish any definite 
conclusion ; but as far as they go, they seem to show that the strength of 
selenitic lime, made from kunkur, is about equal to Roman cement, and 
Zths that of Portland cement. The breaking weights, at 30 days being 
as follows :— 


— 











Per Per 
Bri- sq. Remarks 
quette | inch. 
, a 
Portland cement, ee 4 ee | O79 | 310 Taken from Tables 17 and 
Roman cement, .. ee ee -- | 243 | 108 | \ 24 of Grant on the Strength 


Sclenitic kunkur limes,.. oe .. | 480 | 129 | | of Cement. 
A solution containing 3 per cent. of acid was tried, but it gave results 
only 3th the strength afforded by the 5 per cent. 
Bricks of selenitic lime, exposed to air instead of being immersed in 
water, showed a slight increase of strength. 
VOL, 11.—SECOND SERIES, Q 
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Tani of the results of experiments with common and Selenitic lime, 
gauged neat and with different proportions of sand, showing the breaking 
weicht on a sectional area of 4 square inches. 


TEN DAYS’ TESTS. 








SELENITIC LIME. 





Proportion of Lime to Sand. 





| 
1tol areas to3/1 to 4/1 to 4/1 to 6/1 to 7/1 to 8 


Ordinary kunkur 
lime, gauged neat 
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(lst [814) .. [175 4159 |101 | 81 | 90 | 54] .. | se 
t 





ee (179 [188 | 97 |114 7 81 | 89]... 


ee (209 J131 j135 |105 | 69 | 59) .. 








; 134 |260 
Immersed in water 12 191 1312 
hours after making, .. % 154 1140 









Mean results, ee lisa 244 | 


ert aer ee” 


~. (188 (159 |111 jl00 | 80 | 67 |.. | .. 





TWENTY DAYS’ TESTS. 


ee ee ee ee ee ee ee 





cledo [416 [195 BE 172 | 82 |102 [102 | 82 | 82 {122 
180 [398 |182 |202 [169 102 1122 | 82175 | 75 | 82 

240 304 1295 1182 1155 | 92 |128 | 82 [122 | 72 [lee 

nop 1298 1148 1162 1108 | 98 [102 | 8% | 62 | 92 

Immersed in water 12 2 jh at (30 [ios 20s l153 22 | 98 | 92 | a2 | 52 | 99 
hours after making, 260 [399 [208 |192 [157 {155 |102 | 82 | 82 | 52] .. 
Poe 269 

180 |478 

1180 |469 

L 1193 |403 


Mean results, -. [204 {406 |206 |186 {160 |110 |108 | 90 | 87 | G6 | 103 
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THIRTY DAYS’ TESTS. 


— 


{ 260 go) | 

246 |422 
| 293 [497 
266 1449 


een: 7 6 Re 


283 [535 
253 oe ) 
240 [535 
zen 392 
270 1582 
ane | “O55 


Immersed as above, o« 


Mcan ee eee .. (270 [480 
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DELHI CLOCK TOWER. 
[ Vide Photograph and Plate X.] 


Article communicated by E. J. Martin, Esq., C.E. Photograph 
executed by Likut. Cuaytron BeaucuaMe, R.E. 


Tux Municipal Commissioners of Delhi have effected many useful im- 
provements in that city since the mutinies: the streets are now, perbaps, 
the cleanest and best drained, and repaired, of any native city in the Upper 
Provinces. 

A fine Town Hall, with a Ball-room, Museum, Lecture-room, a mag- 
nificent Durbar Hall, measuring 80 feet long and 40 feet wide, and an 
extensive Serai for the accommodation of native travellers, may be spe- 
cially mentioned amongst the many useful and ornamental works that 
have been constructed by the Municipality. Trees have been extensively 
planted along the road sides; handsome cast-iron pillars from England have 
superseded the old wooden posts that formerly supported the street lamps ; 
large tanks have been constructed; the old King’s gardens have been 
tastefully laid out, and vastly improved; new gardens have been formed; 
and almost everything that taste or intelligence could suggest for the con- 
servancy and embellishment of the city, has been carried out. 

The latest improvement is the new Clock Tower, which stands in the 
centre of the Chandnee Chowk, opposite the Town Hall. 

This building is erected in an appropriate and commanding site at the 
crossing of four streets, and stands 110 feet high, exclusive of the orna- 
mental gilt vane and finial. The materials used in its construction are 
brick, red and yellow sandstone, ‘and white marble. The capitals sur- 
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DELHI CLOCK rower. 


mornting the main corner pillars are 4 feet 2 inches wide at top, and 4 feet 


6 inches deep, they are carved ont of solid blocks of white sandstone 
and each of them welghs about 2 tons. 


The dials of the clock are sufficiently elevated to be visible from the 
Kast Indian Railway station, and from other prominent points in the city, 

The slock is constructed to work five bells, placed in the open canopy 
above it, these give out a different peal fur each quarter, the largest bell 
striking the hours. 

The building has been completed in 18 months, at a cost, inclading 
clock and bells, of Rs. 28,000, the whole of which amount was provided 
from Municipal Funds. 

The tower was designed and built by Mr. E. J. Martin, Exec. Engi- 
neer, Rajpovtana State Railway, and the Clock and Bells were supplied 
by Benson and Co., Ludgate Hill, London. 


_— _— eae: me ee 


SPECIFICATION, 


Enclosing site—A strong paling, about 4 feet in height, and com- 
posed of rough bullies, to be erected, to enclose the ground on which the 
Clock Tower is to stand. To prevent accidents, watchmen will be em- 
ployed to keep people clear of the works, and at night, lanterns will be 
suspended at the corner posts of the enclosure. 

Excavation for foundations.—The ground to be excavated until a 
thoroughly firm and secure foundation is obtained, and to be carefully 
levelled to receive #he concrete. 

Concrete in foundations.—To be composed of 1 part mortar, to 2 parts 
broken stone or vitrified brick. The mortar to consist of 1 measure of 
charcoal-burnt kunkur lime, and 1 measure of soorkee or budgree. The 
stone or brick tu be broken up into 14 inch eubes, the whole to be care- 
fully mixed, and thrown into the foundations from a* height of at least 
10 feet, and to be thoroughly rammed in 6 inch courses. 

Masonry in foundations.—To be of the best coursed rubble in lime 
mortar masonry, well and securely bonded, with a sufficient number of 
thorough bond stones introduced at proper intervals, in every course. 
The mortar throughout the building being the same as that specified for 
concrete. 


® This mode of ‘ throwing’ concrete is opposed to the best recent practice in concrete laying.—[Ep". 


PLATE X 


Lbeveaton. 





CLOCK TOWER--DEHLI. 





Ground 
Plan. 
MEK UE 


Section 
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Masonry in superstructure.—The body of the work will be of brick in 
lime mortar masonry, the cornices, pinnacles, caps, bases and shafts of 
columns, jambs, mullions, arches, and transoms of windows, pinnacles, 
finials, crockets, barges, hood moulding, water tables to buttresses, strings, 
&e., &c., to be of cut sandstone, in accordance with the drawings. 

The brickwork to be of the very best deseription; the bricks are, where 
necessary, to be rubbed on the face, and to be laid with close joints in 
Knglish bond, in finely tempered mortar. The bricks to be well and 
squarely moulded, free from inequalities, and properly burnt, no jhama or 
peela bricks to be used. The different kinds of ent stone-work, including 
plain, moulded, and carved ashlar, to be neatly and correctly worked to 
the shapes and dimensions given on the drawings. The stones to be of a 
uniform color, and free from unsightly stains. All projecting edges to 
be throated underneath, and copper joggles or dowels to be introduced 
where needed. 

Stone flooring.—The lower floor to be flagged with 2 inch thick flag 
stones, laid with the finest possible joint, on 44 inches terracing over 18 
inches of stone spalls. 

Carpentry.—All the timber used in the building to be of the best. 
sal wood (Shorea robusta) obtainable, free from all imperfections, to be 
correctly worked to the dimensions given on the plans. 

Clock and Bells.—The bells to be fixed above the dials, with a clear 
open space round them, in order to let out the sound. The hammers to 
be very strongly screwed to the beams of the bell frame, the largest 
hammer to the largest bell, care to be taken that they do not touch the 
bells when at rest, but yet give a good firm blow when in action. The 
bell frame to be constructed as shown on plans, with a sufficient space 
between it, and the walls to afford room for the descent of the weights. 

Imnicdiately below the bells, and on a level with the centre of the dials, 
will be fixed the bevel wheel work. 

Behind each dial screwed to a shelf, will be placed one of the motion 
works, communicating with the bevel wheel work by a rod. Below this 
will come the movement of the clock, raised above the floor on a stoo, 
about 3 feet high, and connected by a rod with the bevel wheels above. 
The single hammer tail at one end of the clock should then be connected 
with the largest hammer, which strikes on the largest bell (No.5). The 
hammer tail at back of clock, (the back of clock is where the pendulum 
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swings,) will be connected with No. 4 bell; the next tail to it with No, 
8, and so on. 

The hour striking part and the going part, each takes 48 turns to go 
for 8 days, the chime part, 75 turns. Double lines should be used ag 
shown on diagram. The striking part takes one 8-inch weight, and 4 
shifters, the going part a small weight, and 2 small shifters, the chime 
part one 8-inch weight, and 9 shifters, as 75 feet cannot conveniently be 
obtained for the fall of the quarter weights, this part of the clock will 

have to be wound twice a week. Adistance of 50 fect down which the 
going and striking weights can descend, will be sufficient to enable those 
two parts to perform for 8 days. 


ABSTRACT. 

RS. 

22,016 Excavation of foundation, including baling water, &c., at Rs, 2-4-0 
per 100 eubic feet, . ; , : ; ; ; 495 

13,758 Pucka masonry and conercte in foundation, at Rs. 11.8. 0 per 100 
cubic feet, ‘ ‘ ‘ ; . . ; : : ‘ 1,582 
13,456 Ditto superstructure, at Rs. 24 per 100 cubic feet, . j . 3,229 
17,027 Sal wood-work, at Rs, 3-8-0 per foot, —. . . : : : 596 
2 Iron girders, at Rs. 380 each, . : ‘ ‘ ; ‘ , ; 60 
3,567 Stone work monided, at Rs 4 per foor, . ‘ : ‘ . - 14,268 
4, Maunds copper work, at Rs. 100 per maand, a ae ae 450 
20 Caps and pinnacles carving, at Rs, 20 each, ‘ : , ‘ 400 





Total, . . 21,080 
Contingencics at Rs. 5 per cent., . : - ‘ 1,054 


Grand Total Rupees, . 22,134 


KE. J, M. 
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REPORT ON EXPERIMENTS MADE ON KUNKUR MOR- 
TARS AND CONCRETE. 
[ Vide Plate XL] 


By A. Nig tty, Esq., Assist. Engineer in Charge of Experiments. 


Gurdaspur, 26th February, 1873. 


Tuts report will be divided into two parts. The first treats of kunkur 
cement mortars; describes simple analytical and experimental means of 
testing the cementing properties of kunkur; proves that most of the 
burnt kunkurs belong to the class of cements; and, lastly, gives an outline 
of the manner in which it is proposed to conduct some experiments on 
artificial cement. 

In the second part will be found the fundamental principles on which 
concrete making is based, the results of experiments on specimens of 
concrete tested at Madhopur, and some suggestions derived from those 
experiments; also comparisons between our results and those obtained 
elsewhere: this is followed by a brief description of Coignet’s system of 
stone making, and by a recapitulation. 


Parr I.—The kunkur cement laid experimentally last year in the 
great weir at Madhopur having been successful, orders were given to 
cement the upper layer of the repaired portion of the weir with kunkur 
cement mortar. The cement made at Runiah with the unwashed nodule of 
Bathala kunkur, and at Pathankote with vesicular tufa, was supplied fresh 
and unslaked to Lieut. S. Jacob, R.E. This officer having satisficd him- 
self that when water was mixed with the material supplied to him, the 
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setting action commenced almost immediately, came to the conclusion 
that he had to deal with a natural cement, and treated it as such; that 
is, ground it as fine as practicable, and laid it in the work immediately 
after it had been wetted, taking great care that no cement should be left 
wet in the evening for the following day’s work. Each day’s masonry 
was covered with a layer of wet sand, which was kept moist as Jong as 
necessary. The season of the floods has now passed, and although there 
has been no such heavy flood this year as the year before, still a very large 
body of water has been continually passing over the weir, and the only 
damage done to the repaired portion, is one small hole, from which about 
eight boulders have been displaced. 

The grinding of the cement for the above-mentioned works was a very 
great improvement on the mannal pounding, although the degree of fine- 
ness obtained was only sufficient to allow the ground cement to pass 
through a sieve of 40 meshes to the inch (it shonld pass through a sieve 
of from 60 to 80 meshes). Lieut. Jacob took advantage of the water 
power at his disposal to erect native mills close to the works, and after 
breaking the burnt kunkur in smaller fragments, ground it in the same 
way that corn is ground. It was found tbat the rough state of the mills 
made them troublesome, so improvements are now being considered with 
a view to using cheap water power on the works for the remodelling, and 
on the manufacture of artificial cements. 

At the last closing of the canal in January 1872, I was ordered to 
carry out the repairs of the rapids, and was ailowed to use konukur 
cement for the work. The quantity of cement at hand being limited, a 
third in bulk of stone lime was mixed with the cement, and the concrete 
was composed as follows: —2 kunkur cement, 1 stone lime, 3 pebbles from 
bed of canal. 

It was explained in a previous report that the mixture of 1 stone lime 
to 2 kunkur cement, gave a better proportion of caustic lime to clay: 
another reason for this mixture is that the great setting activity of the 
cement is beneficially retarded by the mixture of lime, when that mixture 
does not exceed the proportion of 1 to 1 (sce General Gillmore’s Practical 
Treatise on Limes, &c., paras. 381 and 550). Some Engineers in this pros 
vince have before found experimentally that it is advisable to mix stone 
lime with kunkur cement; but the variety of burnt kunkur with which it 
is good to mix stone lime, not having been pointed out, and the cause of 
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the beneficial action not having been explained as above, other Engineers 
were led to doubt whether any advantage was gained by the mixture. 
(See Mr. J. bk. Tanner's valuable report, dated 29th Sept., 1869, and Mr. 
kK. C. Palmer’s able report on certain experiments, &c.) In truth, the com- 
position of kunkurs varies so much that it cannot be said in a general 
way that stone lime ought to be mixed with what is known under the 
popular name of kunkur lime: for instance, if the mixture with stone lime 
is good for Bathala cement, it would be decidedly bad for Vahn or 
Lucknow No. 1 kunkurs, which contain already an excess of lime. 

It should be here mentioned, that much contusion arises from the fact 
that burnt kunkurs are commonly classed under one head, no proper 
nomenclature being adapted for the different varieties. In consequence 
of this, rules for hydraulic limes are often wrongly applied to cements, 
and bad mortar made out of really good materials. However chemistry 
alone can make the required discrimination, so simple chemical means of 
ascertaining the cementing values of kunkurs will be given further on in 
this report. 

To return, however, to the subject of repairs to the Rapids, the setting 
activity of the Bathala cement, even when mixed with stone lime, was 
taken advantage of to repair deep indentations in the cutwater of a few 
piers damaged by logs; it was also relied on to build one of the missing 
piers of No.7 Rapid, and to fill the interstices between the Loulders in a 
chosen space in the centre of Rapid No. 10, 24 hours before the re- 
opening of the canal. 

Coarse sand having been found in one of the rajbuhas, a sand mortar— 
composed of 2 volumes kunkur cement, 1 volume of lime, 3 volumes 
coarse sand—was used to carry out large repairs at the bottom of the 
cistern of a vertical fall, and as the samples of this mortar kept in water 
have taken a high degree of induration, it is expected that such mortar 
will be successful, and that it will be possible to effect a great saving 
both in labor and material, by using this sand on the projected works. 
As the mortar used on the Rapids, however, is still undergoing trial, 
and as until the canal is closed in January, 1878, it will not be possible 
to closely examine the repaired portions and draw any conclusions, no 
more will be said on this subject at present, 

We will now turn to a very important point, and one on which very 
conflicting ideas exist: viz., the more or less wet state of mortar when 
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ready for use. It is agreed that theoretically the less water a mortar 
contains within certain limits the better it is, and there is no doubt that 
an apparently incoherent mortar used for concrete laid in a place where it 
can be easily rammed will give the best results; because the cohesion of 
the elements of the concrete is completed by the blows of the rammer. If 
there is a large excess of water in the mortar, the action of the rammer is 
impeded by the quicksand motion which takes place, and the result is a 
very porous and comparatively feeble concrete. If there is only a small 
excess of water, a film of it simply oozes out of the surface rammed 
and the result is a concrete slightly more porous than if the exactly cor- 
rect quantity of water had been mixed. As, however, few have acquired 
the practice of judging that quantity of water, it is recommended to use a 
small excess rather than run the risk of leaving the concrete deficient in 
dampness. But if an apparently incoherent mortar is very good under 
the influence of the rammer, it will not answer under the influence of the 
trowel, even when handled by an European mason, The incoherent par- 
ticles of the mortar which incessant blows only will join, remain divided, 
and if such mortar even when composed of the best cement is used by 
the mason, it will be found on the following day to have fallen to powder. 
In the absence of ramming, water is therefore the agent which brings the 
particles together, so the Huropean mason is provided with a solid paste 
of which he can take a good quantity on his trowel, and throw it so as 
to fill all the interstices of the material he is building with; whereas 
the Indian mason, who has to work in an atmosphere which so quickly 
absorbs moisture, who besides likes to exert himself as little as he can, 
uses a much less solid paste, which runs almost of itself in the inter- 
stices, 

This produces work more porous than good European mortar, but fairly 
strong if the ingredients used are of good quality and properly mixed. 
It is unwise, therefore, to force native masons to use a stiff mortar, as any 
change of that kind is sure to produce masonry left incoherent, an evil 
much yreater than porous mortar, When a mortar composed of fat lime 
and puzzuolana of some sort is used, porosity has its advantages, as it facil- 
itates the ingress of carbonic acid, and the consequent quicker solidifica- 
tion of the mortar. When good cement, natural or artificial, is used, the 
small*excess of water can do little harm, for we find that some eminent 
Engineers and chemists of different countries have solidified blocks of 
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gravel and pebbles by forcing liquid cement through them; (General 
Gillmore, paras. 494, 509, 515;) and again we see that nature pro- 
duces many of its masses of conglomerates and sandstones by the in- 
filtration of calcareous matter through incoherent masses of boulders and 
sands. 

The greatest cause of anxiety for an Engineer in charge of masonry 
works is not therefore the small excess of water that his native masons 
use, but rather that the setting energy of his kunkur cement should not be 
broken, and the strength of his cementing material be not reduced to that 
of feebly hydraulic lime, by the employment of mortar in which the set- 
ting action has been going on for some tine. This point is so important, 
that every effort will be made in this paper to induce those who have 
to deal with kunkur, to satisfy themselves that the material called 
“ kunkur lime” comprises a varicty of materials, most of which, if Vicat’s 
typical classification is adhered to, belong to the classes of cements, and 
cannot therefore be treated like hydraulic limes, (see page 124 of this 
report.) 

There are however reasons for suspecting that a kind of kunkur (among 
the richest in carbonate of lime), belongs to that dangerous class of inter- 
mediate or limit hydraulic limes. This class, which dues not appear to 
occur in England, is well known to the American and French authorities 
on limes and cements, who agree in advising that they should not be 
used except with great caution. These intermediate limes which set 
with very great rapidity in air and water, suddenly loose their cohe- 
sion, crack, expand and suften, a few hours after having been used like 
cements. 

Vicat and Gillmore say that they can be reduced in setting activity by 
remixings with water, and that they can be brought to the standard of or- 
dinary hydraulic limes, and used as such. It appears probable that the use 
of intermediate kunkur limes in India, gave rise to the popular saying 
among contractors and overseers, that water is the life and soul of kunkur 
lime, and gave birth to the public works rule* that kunkar lime requires to 
be soaked for 24 hours and thoroughly worked with water. This rule is 
applied in practice, not only to the kunkurs which produce hydraulic or 
intermediate limes, but to those which produce cements; the result is that 

* The rule alluded to is not in the Code, but is one of those traditional rules which ought to be- 


come obsolete. 
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the setting qualities of the cements are destroyed, and that they are 
reduced to the standard of feebly hydraulic limes. 

Now let us proceed to the means within reach of every Engineer: of 
discovering for himself the class of limes and cements to which the mate- 
rial at hand belongs. The two principal components of our cementing 
materials, “ carbonate of lime and clay ” are the only ones which it is ab- 
solutely necessary to know to classify our materials. The knowledge of 
the other components is useful in this way that when at some future time, 
a number of analyses of cementing materials and the results they give 
when used in mortar and in concretes shall have been recorded: the che- 
mist and the Engineer will be able to draw sound inferences as to the 
action of each component on the setting qualities, and on the ultimate 
power ofinduration. It is advisable, therefore, that complete analysis and 
experiments should be recorded by special men; but as long as the inferen- 
ces cannot be drawn on a sufficiently wide an4 sound basis, the two prin- 
cipal ingredients, ‘ carbonate of lime and clay,” will be the only ones of 
immediate interest to the Engineer. The question is, therefore, how 
their determination can be obtained by simple means, 

The process by hydrochtoric acid having been detailed in several popular 
publications, it may be supposed to be familiar; it will not be, therefore, 
described again, and the examination of the results obtained by that pro- 
cess shall be proceeded with. The action of hydrochloric acid is simply to 
isolate the silica and insoluble silicates, whose weight is obtained and re- 
corded, but it would expose us to great errors if in all cases we took the 
difference between the above weight, and the total weight of the sample as 
the weight of the “ carbonate of lime.” The reason of this is, that the 
solution thrown away contains not only the lime united with the hydro- 
chloric acid under the form of chloride of calcium, but also the alumina, 
oxide or peroxide of iron, magnesia, potash, soda, &c., the sum of which 
last elements is often more than two-fifths of the total weight of the 
sample. The error committed is a minimum when the material analysed 
is nearly pure carbonate of lime, a kind of lime rare in the Punjab: the 
error is 8 maximum when the material is an impure carbonate like our: 
kunkurs. 

The process by hydrochloric acid leading to great errors, the detail of 
another process which can be found in Mohr, Vol. 1, page 69, will be 
proceeded with. 
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The principle on which the following process is founded is that one cubic 
centimetre of nitric acid decomposes ‘05 gramme carbonate of lime. The 
chemicals required are nitric acid and caustic potash or soda, so combined 
in strength, that one cubic centimetre of caustic potash will exactly neu- 
tralise one cubic centimetre of nitric acid: also litmus paper or tincture. 
The instruments necessary are two of Mohr’s graduated tubes with glass 
cocks and stand. When the raw material, which is to be experimented 
upon, has been finely powdered, so that no grittiness remains in it, take 
one gramme for instance, place it in a cup under the graduated tube con- 
taining nitric acid, and let the acid flow gently on the powder until litmus 
paper dipped in the solution turns red, or until all effervescence ceases. 
Suppose when this happens that 15:5 c.c. of acid have been expended ; 
since the reddening of the litmus does not show exactly that all the car- 
bonate of lime has been decomposed, add some more nitric acid, say 24 
c.c., so that 18 ¢.c. of nitric acid will have been employed. Having used 
more than was required we must find the excess ; this is done by carefully 
adding caustic potash to the solution until it is neutralised, which is shown 
by its action on litmus. Suppose 2 c.c. of caustic potash have been em- 
ployed to obtain that result, then 18 — 2 = 16 c.c. is the real volume 
of nitric acid which has entirely decomposed the carbonate of lime; then 
as ] c.c. nitric acid shows :05 carbonate of lime, so 16 c.c. nitric acid show 
‘8 carbonate of lime. Our sample contains therefore 80 per cent. car- 
bonate of lime, and 20 per cent. clay, and is likely to be an eminently 
hydraulic lime. 

If the sample was suspected to contain sand, 50 grains of it should 
be treated -by the hydrochloric acid process, and when the silica and 
insoluble silicates would have been obtained, the sand should be separated 
from the silica by careful washings, the weight of it ascertained, and 
deducted from the amount of clay previously obtained by the nitric acid 
process, 

The above simple ways of finding the two principal components of our 
kunkurs, ‘carbonate of lime and clay,” and also sand, which is rarely 
present, having been given, it might be thought that all that is needed in 
order to classify them had been done. But this is not the case, because. 
analyses of raw limestones rarely give perfectly accurate ideas of the 
nature of the cementing material it will produce after burning, the degree 
of hydraulicity often depending on the degree of combustion. A few 
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simple ways of testing the burnt material will be, therefore, described. 
The following test should not be applied to materials burnt by contrac- 
tors, except for the sake of comparison, as pure cementing material is 
not to be expected from those who can so safely adulterate their produce. 
The Engineer should therefore burn departmentally, and, if possible 
under his own eye, one or two hundred cubic feet of the raw material in 
the ordinary conical kiln; the fuel may be oopla in the proportion of 2 
volumes oopla to 1 volume kunkur, during the hot season, and of 3 volumes 
oopla to 1 volume kunkur during the coldest part of the winter. The 
exterior of the kiln should be plastered with mud. When the kiln is 
unloaded, a set of coolies supplied with baskets should be placed round it, 
to pick up carefully from the ashes and make separate stacks, 

1st, Of the kunkur, which is light and easy to break with the hand; 

2nd, Of the kunkur, which is still hard and heavy; 

8rd, Of the vitrified kunkur, to which adheres generally some kunkur 
from which the carbonic acid has been completely expelled. When the 
kiln is carefully made, the qualities 2 and 3, constitute only from 5 to 10 
per cent. of the kunkur placed in the kiln, and they are useful in this way, 
that they furnish samples of the material at various stages of burning, 
and enable us to find by experiments at what stage of combustion the 
burnt material gives the best cements. 

When those samples have been selected, tried as to their power of slaking, 
and tested with an acid to ascertain the presence or absence of carbonic 
acid, they are subjected to simple experiments, the object of which is to 
ascertain their hydraulicity or power of setting under water. For these 
experiments Vicat’s needle (adapted to English measures by General 
Gillmore, who gives of it a good description, and a drawing, and also the 
results of many experiments) is certainly a useful instrument, but as it is 
not to be found except in the office of men who make a regular business 
of the study of limes and cements, we must try to do without it. A very 
fair knowledge of the setting qualities, and of the ultimate degree of 
induration of the kunkur at various stages of combustion, may be easily 
obtained by making a good number of little balls, with every sample, 
reduced to fine powder, marking these balls, placing them under water of 
at various intervals of time, carefully examining them and recording 
every step. An ordinary needle can be used to test the hardening action 
and the feeling of more or less gentle pressure exerted by the hand, is 
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sufficient to give an idea of the rapidity with which that action is going 
on. The balls should be tried and examined in the above way for one or 
two months, and the results carefully noted. After that time, the En- 
gineer will be able to come to a conclusion as to which sample has given 
the best result. It should be remarked here that it is not always the 
sample which has set first, which at the end of one month and sometimes 
more, proves to be the strongest. 

When the Engineer has thus ascertained the principal components of 
the material at hand, the degree of combustion which best suits the 
materials, and the setting qualities of each by the above plain analysis 
and experiments, he will be in possession of all the main points upon 
which the subsequent arrangements for burning kunkurs and making 
mortars and cements are to be founded. There are, however, other 
details which it is useful to work out, such as the complete analysis 
already mentioned, the resistance to pressure, to transverse strain, the 
tenacity, &c., but these are rather within the province of special men who 
ought to be in possession of all the apparatus required for finding such 
results. 

If the ‘“‘ Roorkee Treatise”* and the various reports drawn up before 
the year 1871, are consulted as regards the knowledge of the kunkurs, 
and the cementing materials they produce, it is found that kunkur lime is 
the general appellation under which all the varieties fall. The effects of 
such generalization have been pointed out in page 117. The true appella- 
tion of cements is therefore claimed for most of the burnt kunkurs. The 
analyses given in the “‘ Roorkee Treatise,” Vol. 1, 2nd edition, para. 77, 
and those given in the last number of the “ Roorkee Professional Papers,” 
by Doctor Murray Thomson, F.R.S.E., furnish proofs of their right to be 
called ‘‘cements.” If these analyses are condensed in the two principal 
sub-divisions of ‘carbonate of lime and clay,” as in Table B., and if they 
are compared to the types given by Vicat in Table A., most of them are 
found to belong to the classes of cements. The “ Roorkee Treatise ’’ states, 
that Vicat’s classification has been adopted; there is however some 
difference between the percentages given by the Table A., and the percent- 
ages given in para. 79 of the Treatise, 2nd edition, and the important type 
of intermediate limes has been altogether omitted. 


* These remarks refer to the lst and 2nd Editions, In the 8rd Hdition, later Expexrimente on 
Kunkur Cements have been recorded.—fED.] 
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Tasie A, 
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Names of kunkurs. rea of] Otay. Classification by Table A, 
Ghazeepore kunkur,... 72 | 28 Type 5, cement inferior limit. 
Lucknow, No.1, + 723 27°7 gg 9 ‘i 

+4 No. 2,  «s. 70:2 29°8 5 9 ‘is 
re No. 8, oes 67'7 32°3 {Close to type 6, ordinary cement. 
Saharunpore, No. I,... 67°18 42°82 r »» 7, Superior cement. 


5 No. 2, +0. 79:33 20°67 |Type 3, eminently hydraulic lime. 


5 No. 3, «. 78°54 21°46 | ,, 4, bordering the intermediate 
imes, 
Allahabad,f — 52°80 47°20 | ,, 7, close to superior cements. 
Delhi, No. 1, ar 53°49 46°51 i i " 


» No 2, ais | 28:97 71:03 |Between types 8 and 9. 


Vicat and also Gillmore (whose work is a resumé of all the modern ex- 


perience acquired in England, America, and France on limes and cements) 


* The classification given in Table B. is based only on the elementary analyses of raw materials, 
it requires therefore to be confirmed by the experiments described in page‘ 122. 

¢ From information received from Allahabad, it is ascertained that the Allahabad and Delhi kun- 
kurs are very inferior. This fact might have been deducted from Dr. Murray Thomson’s analyses, 
which show that the proportion of silica being very great, the clays and consequently the burnt 
kunkurs which contain them are very inferior. 
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are the authorities on whom are based the opinions expressed in the 
preceding pages. Natural cement being almost exclusively used in the 
United States, there cannot be a better guide for the Engineers of this 
country, than the excellent book written by General Gillmore, and alluded 
to before. For the opinions which are about to be brought forward on the 
manufacture of artificial cement, the arguments will rest on the very able 
report of Colonel Brownlow, R.E., dated 11th August, 1870, on the recent 
works of the English and German Engineers and cement makers, Messrs. 
Henry Reid and A. Lipowitz, and also on General Gillmore’s works. 

When Colonel Brownlow wrote his report, he must have thought that 
the value of kunkur as a cementing material was not sufficiently known, 
as he recommended in para. 9 of his report that samples of burnt kunkur 
should be made with’view to try their power of tenacity. This power has 
not been yet tested, but the resistance to pressure of one kind of kunkur 
cement has been tried in various ways, and the results will be found in 
Table C. After 38 days, unrainmed, Bathala cement was crushed by 
0:38 tons, or 860 ibs. per square inch: and after 34 days, rammed Bathala 
cement was crushed by 1520 lbs. or 0°68 ton. It is therefore equal to 
Roman cement, according to Colonel Brownlow and other writers. 

The problem put forward by Col. Brownlow, viz., that of making a 
cement the strength of which should be about one-third the strength of 
Portland cement, has been therefore solved without entering upon ex- 
pensive experiments, We might therefore stop here, and think of nothing 
else but the study of our varieties of kunkur cements, and the improvement 
of their qualities; we should not then be in a worse position than the 
United States, where according to Gillmore, natural cements are almost 
exclusively used. But since the improvements in artificial cement making, 
introduced lately in Germany, it has become possible to make Portland 
cement wherever ‘marl clay” in the absence of chalk, and “ potter’s 
clay ” in the absence of river clay are to be found, it has been thought 
advisable, although not absolutely necessary, to begin initiatory experi- 
ments on artificial cement. 

Colonel Brownlow thought that the cementing material which we 
might make of slaked lime and clay, would not possess greater tenacity 
than one-third of Portland cement; this opinion is confirmed to some extent 
by all authors who agree in classing such cementing material amongst 
the hydraulic limes, and not amongst the cements. In such a case 
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therefore, we would gain nothing by trying to make it. Besides, the 
possibility of making and using such double kilned hydraulic lime, has been 
tried in many places in India, and very successfully carried out at Kurra- 
chee. We would, therefore, have only to walk in the footsteps of Mr. 
Price, to produce an equally good hydraulic lime. One point, however, 
remains doubtful with regard to the degree of combustion to which that 
lime should be subjected. It has, as yet, been burned only to the same 
extent that natural hydraulic limes are burned: perhaps a superior degree 
of combustion causing incipient vitrification would make it a cement. 
This should be tried, but it is of much less importance than the making 
of Portland cement with the marl and clays of localities far away from 
the sources of stone lime.* 

The great difficulty in the way of making cement is foreseen in para. 
16 of Colonel Brownlow’s report, where the high degree of heat necessary 
to produce a commencement of vitrification, and the various fuels at our 
disposal are spoken of ; coal and consequently coke are not to be had in 
the Punjab. The dearness of charcoal places it beyond our reach, wood 
according to English experience will not do in the ordinary kiln, while 
the oopla, which is tirst rate for burning natural cements in the ordinary 
rough conical clamps, fails completely to burn artificial cements in the 
same clamps, and does not even burn natural cements well-in the ordinary 
perpetual kiln. If we had, therefore, to employ the kiln used in England 
for burning Portland, it is not likely that we should succeed in making 
that cement. But Americans, are now using perpetual flame kilns in 
which wood may be used as a fuel, and in which some cements are overburnt. 
In these kilns the fuel is not mixed with the raw material, but is supplied to 
two or more furnaces placed at the base, and which are arranged in such a 
way that the flames converge and meet in the centre of the kiln. The hole 
through which the burnt material is drawn, is not on the same side as the 


furnaces, so that there can be no admixture of ashes with the cement. 


* The writer of this paper must not be understood to say that the double kilned hydraulic lime 
should not be adopted anywhere. He believes on the contrary that there are places in India whore 
it would be advantageous and economical to make it: moreover he thinks, that as our wealth in 
kunkur shall be quickly exhausted by road making, the double kilned hydraulic lime is likely to be 
the cement of the future. What he means is, that he considers the feasibility of such lime as a 
settled question, and that all we have to do is tc improve on the prescnt manufacture. The problem 
of cement mrking which he bas in view is to make artificial cement wherever marl, clay and wood 
are to be had, wherever he could dispose of a small water power with which he could use the rough 
native mills somewhat improved. If this problem was solved, small factories could be got up at a 
small expense in the vicivity of important works, and the great cost of carriage would be 
thereby saved. 
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The raw material alone, and not the fuel, has to be taken to the top of 
the kiln, which makes a great saving in labor. More information than 
can be given in this report, is to be found in Gillmore’s treatise, from 
paras, 237 to 258. The design for the kiln which has been constructed 
is based on this treatise. The plan, elevation, and section of the kiln, 
are given in Plate XI. 

The question of burning having been so far settled, the following ques- 
tion occurs, viz., which of the two methods the English or the German, 
the wet or the dry, method of mixing the ingredients ought to be adopted. 
The advantages and disadvantages of both methods are very impartially 
considered in detail by the English Engineer, Henry Reid in Chap. V. of 
his work on Portland Cement, and it appears that space, time and labor 
are greatly economised by the dry system. The most important of the 
advantages of this last mentioned system is the getting rid of sand by 
dissolving it with an ‘‘ alkali,” whereas by the wet system, sand has to be 
extracted mechanically from the mixture by washing and deposition. 
The dry method will therefore be adopted for the experiments. 

In a few words, the manufacture will be carried on in this way. 
Bathala kunkur and the clay in which it lies, will be (in the absence of all 
others in the vicinity of Runiah) the ingredients chosen. These will be 
broken into small fragments, dried, ground in hand-mills until they can 
pass through a sieve of 60 meshes to the inch. The ingredients will be 
then analysed and mixed so as the mixture may contain 55 per cent, 
‘‘ carbonate of lime.’ The mixture will be passed through the mills 
again, then mixed with 4rd of its bulk of water, and made into small 
balls or little bricks. These balls will be sun-dried, for one day only, and 
then placed in the kiln, where they will be submitted, at first to a very 
low fire to complete the drying, and then burnt until a commencement of 
vitrification takes place. 

One hole is made in the kiln through which samples of the material 
can be drawn and studied at various stages of burning. The times for 
drawing the burnt material will be fixed according to the way in which 
the kiln is found to act. The burnt cement will be broken to pieces by 
hand labor, and ground in hand-mills, until it can pass through a sieve 
No. 60 mesh. It will then be spread on a dry floor for about a week, 
after which time it will be moulded into bricks, as recommended by Col. 


Brownlow, and made also into little blocks, so that the power of tenacity 
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the cement after seven days in water, and its power to resist com- 
pression and a transverse strain after forty days, may be ascertained, 

In the above description, the alkali part of the dry process has been 
neglected, for the presence of sand is not to be apprehended in the mate- 
rials to be used. The alkalies are said by General Gillmore to play an 
important part in the hydraulic induration. In para. 591 of his book, he 
Bays that ‘he presumes that the alkalies, particularly the potash, act 
by first dissolving the silica, and then transferring it to lime, at the 
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game time that the water acts by dissolving the lime, and carrying it 
to the silica.” He states also that all the American cements contain 
more or Jess of the alkalies, sometimes caustic, and sometimes in the form 
of chlorides of sodium or potassium, and that these chlorides are present 
in their best natural cements. The German Engineer, Lipowitz, has 
the same faith in alkalies, he recommends mixing some carbonate of 
soda or potash with the water used, when the quantity present in the 
ingredients is not sufficient: but contrary to General Gillmore’s ideas, 
he does not recommend the use of chlorides of sodium or potassium, 
because his experience teaches him that all cements containing chlor- 
alkalics suffer most from the effects of the weather. 

As the alkalies seem to be absent from our kunkurs, and many other 
cements, it is presumed that their presence is not absolutely necessary. 
The alkali part of the dry process will therefore be set aside unless, 
as before stated, it is necessary to dissolve the silica in the state of sand 
present in the mixture. 


Part II.—So far back as 1816, Vicat made the piers of the bridge of 
Souillac with rammed béton, but it is only of late that béton has begun to 
find some favor in England. The cause of this is, that concrete instead of 
being made, like béton, of well slaked, good hydraulic lime, was made of 
unslaked lime, the expansion of which while slaking must have destroyed 
the homogencousness of the concrete. The custom of using unslaked 
lime is said by Henry Reid and Gillmore to be getting into disrepute 
in England, it would therefore be of sme advantage if the definition of 
concrete given by the ‘‘ Roorkee Treatise ” was modified,* such definition 
having become obsolete. (Roorkee Treatise, Vol. I., para. 123). 

Concrete or béton might be defined as a masonry composed of an inert® 
waterial, gravel, broken stone, broken kunkur or broken bricks, cemented 

* It has been modified in the 3rd Edition, 9.v.—[ED.] 
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by a hydraulic mortar which may or may not contain sand; and with 
which has been mixed just as much water as is necessary for the chemi- 
cal hydration of the lime: chemical affinity being called into action by 
that hydration, the cohesion of the mass is completed by some kind of 
pressure which brings the inert materials in close contact and favors 
their being enclosed and held together by the crystallising or setting 
cement. Incessant blows of rammers has been as yet the only kind of 
pressure employed. 

The proper volume of mortar or “gang” necessary to cement the inert 
materials is found by filling one measure (one cubic foot for instance) 
with that material, and pouring on it from a graduated vessel the quan- 
tity of water necessary to fill the intervals; this volume of water gives 
the volume of gang just necessary to cement the inert material used. 
The volume so obtained ought to be increased by about 10 per cent. 

From the above definition we lcarn that the elements of perfect con- 
crete are— 

Ist, The best of the inert materials. 

2nd. The best of cementing matcrials or gangs. 

3rd. The exact quantity of water chemically required for the hydra- 
tion of the hydraulic lime or cement. 

4th. Accurately measured relative quantities of inert material and 
gang. 

5th. Perfect mixture of the ingredients. 

6th. Perfect ramming, which must fulfil many conditions. 

It seems, therefore, from what precedes that making perfect concrete 
is not a work so unscientific as it has been thonght to be by Engineers, 
who, having very good cementing materials at hand, succeeded in making 
good monolithic structures without troubling themsclves about the other 
important elements of best concrete work. It is true that if the cement- 
ing material in a monolithic masonry be superior, a strength much beyond 
the requirements may be obtained, although the excess of water of hy- 
dration, imperfect mixture and inferior ramming, (which if carried to 
perfection are the most expensive parts of the process,) may have left the 
work so porous that rain-water could percolate through it (see R.E. 
Papers for 1871, Vol. XIX., page 5). Time alone will show whether 
it was safe to construct such porous masonry. As a fact bearing also 
on the question, we may state the rejection by the London Board of 
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Works of the Coignet system of manufacturing etones, a system which 
is nothing else than an attempt to perfect concrete. When Coignet 
offered to work for the Board he had already made more than 20 miles 
of sewers in Paris and many other works of importance, so his system 
had been proved-excellent. However the Board, being able to make its 
porous, but very strong Portland cement concrete at less than half the cost 
that Coignet could make his concrete stone, rejected his offer (Henry 
Reid on Portland Cement, page 69). Coignet might have reduced the 
cost of his concrete by using only good slow setting Portland cement and 
increasing the proportion of sand, while the Board might have decreased 
the porosity of its monolithic masonry by adopting Coignet’s ways of 
hydrating and ramming. 

The leading principles in the manufacture of concrete having been thus 
explained, the results of experiments on specimens of béton made 
with Bathala kunkur cement, burnt, unwashed, as gang, will be proceeded 
with. If reference is made to Table C., three sets of results obtained at 
three different epochs, will be found; at the first trial, in which the speci- 
mens are marked dry, because they had been about one week out of water, 
the crushing weights exhibit this, as yet, unnoticed fact that, with the 
exception of sand and broken bricks, the inert material mixed with the 
cement did not weaken it, Another fact, noticed in the previous report, is 
that the ground mixture of bad sand and cement (a new way of treat- 
ing cement and sand invented to utilise the bad sands of the Punjab, full 
of slates of mica) which exhibited such strength afterwards,-here gave 
the lowest weight as if to show its slow setting activity. It will be 
very interesting to find out whether the grinding of the mica slates and 
subsequent long immersion of the specimens in water favors the combina- 
tion of the alkali contained in the mica with the fine particles of sand, 
and the consequent partial silicatization and induration of the specimens, 

At the second trial, made also on dry specimens, the neat cement 
shows a great increase in strength and takes the first rank, although 
exhibiting only a little more power than the specimens of cement mixed 
with broken kunkur and with broken boulders. The ground mixture of 
bad sand and cement begins to show its superiority over the unground 
mixture, and obtains a crushing weight not much below that of the best 
specimens. After obtaining the crushing weights of the dry samples, as 
it was supposed that wetting them weakened their power, one specimen 
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of each kind was crushed when thoroughly saturated with water, and the 
results were such that it was decided to make all future experiments on 
wet specimens. The specimens of bricks crushed had been kept six 
months under water and then dried. 

At the third trial, the dry specimens were few, but as far as the ques- 
tion of ramming is concerned, they bring conclusive evidence of its effect, 
more will be said about them further on. The crushing weights of the 
wet specimens show almost equal powers in the samples III., IV., VL, 
VIII. The mixture of cement and broken boulders seems to be slightly 
the best, while results obtained from many of the above-mentioned samples 
reached one ton per square inch. The ground mixture of bad sand and 
cement shows its superiority to the unground mixture, and proves that the 
process of grinding improves the strength by 50 per cent., and brings the 
ground mixture nearly to the standard of the best specimens. The sam- 
ples of bricks had been kept 24 hours under water. 

After these general remarks, the Table C. will be examined under the 
different heads of— 

Inert materials, 

Mortar, 

Hydration, 

Mixture of ingredients, 

Ramming, 
some suggestions being added to the results given in the various tables of 
experiments. 

The best of our inert materials appears to be split boulders; the cause 
of this can be thus explained, that kunkur being much weaker than crys- 
talline stone, a mass of fragments of hard stones, resting well on each other 
and well held together, is likely to have a greater strength than a mass of 
fragments of kunkur equally well held together. The weakest of the inert 
waterials is broken bricks, but this would give also very good results if 
fragments of bricks in an incipient state of vitrification were employed. 
The inert materials should be well soaked in water belore being mixed 
with the gang, and it would improve them if they were soaked in a solu- 
tion of water and cement. The proportion of two inert materials to one 
eement anewered well, but as the size of inert materials differ greatly, the 
proper proportion must be found as recommended in page 129 of this report. 

Neat cement made the strongest mortar. Ifthe cement employed is 
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fast setting and cannot be therefore prepared beforehand, the setting 
activity may be retarded by the mixture with it of an equal volume, or 
less, stone lime, or by grinding with the cement an equal volume, or less, 
rounded clean sand, full or not of mica slates. One volume of this mor- 
tar could be mixed with about two volumes of inert materials, so that in 
the case of sand mortar, the volume of cement used would be about one- 
sixth of the materials employed. This should be the lowest proportion 
of natural cement adopted, and it must receive the best ramming. It will 
be scen in examining the crushing weights given for Specimen IX., that 
such a kind of mortar was experimented upon, the natural cement being 
only two-fifteenths of the total volume. This proportion of cement was too 
small for works subjected to much strain, and the crushing weights slightly 
exceed only half a ton per square inch. 

The quantity of water required varies extremely according to the state 
of the weather, and according to the age and quality of the cement. Judg- 
ing the quantity of water required, is an affair of habit which an intelligent 
workman may perform well after a little practice. The wet gang must 
appear quite incoherent, and if a handful of it is taken in the hand and 
pressed, it must show some cohesive force without leaving dampness in 
the hand. If a fast setting cement is used, just the quantity required on 
the moment should be hydrated. The wetted mixture must be well shel- 
tered. 

On small works hand labor may be employed for making the mixture, 
_but on extensive works it is advisable to use a pug-mill, when sand and 

cement only are used; and the‘ betonniere” when an inert material of 
some size is employed with the gang. 

In the definition of concrete it has been shown what sort of action the 
pressure of the rammer exerted on the mass acted upon. One of its well 
known effects is to increase the specific gravity of the material rammed, 
and consequently its power to resist pressure. The ramming should be 
therefore carried on until the ultimate specific gravity and highest strength 
are obtained. Practically however the general rule adopted is to stop the 
ramming when the surface rammed is hard enough to resist the pressure 
of the finger. Table C., and the last column of Table E., contain many 
proofs of the effect of ramming. In Table C., at each trial, the rammed 
cement shows a strength nearly double of the strength of the unrammed 
cement, and when a European takes the rammer in hand, to show the 
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native workman how to work, he imparts to the specimen he is acting 
upon a strength nearly seven-tenths higher than the greatest strength ob- 
tained by the native. Ramming which can make a specimen seventeen 
months old, composed of natural cement and raw kunkur in the propor- 
tion of 1 to 2, equal to specimens of Portland cement and sand, also in the 
proportion of 1 to 2 and nine months old, ought not to be neglected. 
General Gillmore compressed the specimens on which he made his experi- 
ments with a power equal to 32 fs. per square inch. This power cannot be 
reached by ordinary manual ramming. The rammers used at Algiers by 
convicts weighed 24 ibs., with a surface of about 24 square inches, falling 
from a height of about six inches, they gave a pressure of about one and 
a half pound per square inch, no account being taken of the power of the 
workman who having such weight to work with for several hours could do 
no more than lift it. Using such heavy rammers for concrete making is 
not advisable in India, and 10 ibs. is about the mean weight which agrees best 
with the strength of our coolies and with steady and intelligent ramming. 
These 10 fb. rammers lifted to a height of about 12 inches, and driven 
down with some force, give the highest result to be obtained by hand labor, 
but this isfar from the pressure which would make our concrete attain its 
ultimate specific gravity. In the case of concrete block masonry, mechan- 
ical ramming or compressing could be contrived and substituted for direct 
manual ramming, but in the case of monolithic arch masonry, the difficul- 
ties re-appear, and ramming must be to some extent neglected, the loss of 
strength being then redeemed by the use of the very best cementing material. 
Asa part of the question of ramming comes that of good joints. The 
less the water used to hydrate the cement, the greater is the difficulty of 
making good joints. When the minimum of water is used, the surface 
just rammed having attained great hardness must be thoroughly scratched 
to ensure its being well intermixed with the next layer. The wetter the 
surface rammed is, the softer it is and consequently the less scratching is 
required to bring about the thorough joining of the two layers. It should 
be remarked here that the use of fast setting cement is dangerous for the 
joints, as the surface rammed quickly sets, and the scratching of it des- 
troys the setting action and weakens the concrete just at the joint. 

Some comparisons will now be drawn between our results and those 
given in the other tables. The only comparisons that we can establish 
between the crushing weights given in the Tables C. and D. are those in 
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which neat cement or cement and sand are concerned. Looking at the 
result given by the dry Specimen III. of the second trial, age six and a 
half months, and the crushing weight of neat Portland cement atsix months, 
it is found that nearly half the strength of Portland cement has been 
attained by our natural cement, and that the ground mixture of two cement 
to three sand is stronger than one Portland cement to four sand; it is 
found also that our neat cement at six months has attained the strength 
of Portland stone, which is greatly exceeded afterwards by Specimen V. of 
the third trial. 

If the Tables C. and E. are now compared, it is seen that our crushing 
weights can bear comparison with those of most of the calcareous stones 
used in France for building. Table E. shows also that the ultimate limits 
of resistance to crushing that we should wish to attain lies between two 
and two and a balf tons per square inch. 

The Coignet system of manufacturing stones, which was said to be an 
attempt to perfect concrete will now be described. The stone is com- 
posed of eminently hydraulic lime and sand, or if that lime is not pro- 
curable of the best lime to be bad, cement and sand. The proportion of 
cementing material to sand varies from 1 to 2 to 1 to 8. English Port- 
land cement is used in preference, but it is employed only with the object 
of improving the lime, so more lime than cement is introduced in the 
mixture. One of the objects being to produce a strong stone whose ex- 
ternal appearance is pleasant to the eye, and imitates natural sandstones 
as much as possible, gray quartzose sand from 1-28rd to 1-16th of an inch 
thickness are alone employed, yellow argillaceous sands being avoided. 
No gravel, pebbles or very coarse sand are used, for each would give a 
coarse appearance to the stone, would necessitate the employment of iron 
moulds and might injure the pug-mill. The materials are first miixed 
on the ground by shovelling, and then thrown in the png-mill together 
with a certain amount of water which is variable, but which gives to the 
stone paste the appearance of an incoherent sand mortar. Since to ob- 
tain a. perfect mixture the materials have to pass two or three times 
through the pug-mill, this part of the process cannot be considered as 
perfection, and there are pug-mills which could perform a perfect mixture 
in one operation. The hydration performed by foremen accustomed to 
the work is so near the correct thing, that water does not ooze out of the 

- surface rammed, and does not cause any cohesion to take place between 
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the stone and the faces of the mould. qnuch cohesion always brought on 
by the access of water spoils the external appearance of the stone, which 
if taken too soon out of the mould, is sure to leave part of its sides and 
angles sticking to the faces of the box. The prepared stone paste is 
stacked, covered with a wet cloth, and gradually carried to the moulds in 
which it is rammed in thin layers of about half an inch for fine stones, 
but for monolithic masonry, the thickness is much greater. The surface 
is rammed until it is hard to the touch, it is then scratched with an iron 
rake, the next layer put in the box, where it is distributed as evenly as 
possible with the hand, after which the ramming is resumed. 

The rammers are made of strong wood, shod with iron, the ramming 
surface being about 9 x 4 = 36 square inches. Their height is one foot, 
and their elevation prevents the appearance of a trapezoid, the parallel 
sides being respectively 9 and 4 inches, and the non-paralle! sides being 
slightly curved. For slanting surfaces, rammers, 3 inches high, with 
ramming surfaces 12 x 7 inches and oblique handles areemployed. The 
moulds are made so as to be easily taken to picces, they stand on a plat- 
form, which is firmly resting on a layer of sand at least 6 inches thick. 
The sand effectually checks the vibration caused by the blows of the ram- 
mer, and when the fresh stones are turned on the yielding sand, they do 
not run any risk of being damaged. The ordinary stones are taken im- 
mediately out of the mould, the finest are kept one night in it, they are 
left for a week in the shade, and water is sprinkled over them twice a day 
from the second day after manufacture. 

It is easy to infer from what precedes, that Coignet has done everything 
that he could to produce a concrete stone strong, and of fine appear- 
ance, His preference for eminently hydraulic limes shared by many French 
Engineevs comes, it is presumed, from its relative cheapness, and from 
the fact that it is yet a matter of uncertainty whether the eminently 
hydraulic limes do not give as good results as the best cements, they 
are certainly much more safe to use than the fast setting natural ce- 
ments. His reason for preferring good sand to any other inert material 
has been explained. It is especially by using a minimum of water 
and ramming thoroughly, that he succeeded in making stones pos- 
sessed of a minimum of porosity, or in other words, @ minimum of spe- 
cific gravity, a great advantage when the dissolving action of rain 
water charged with carbonic acid is taken in account. Coignet might 
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have further improved his system by making his stone with machinery ; 

but with the help of Kuropean workmen, with plenty of cheap and good 

slow-setting cementing materials and in the mild temperature of Europe, 

he succeeded so easily in making fine monolithic masonry and reliable 

joints, that it is presumed he could not see the necessity for using on a 
larger scale, blocks of concrete made by machines. The circumstances 
in which we are placed in India being very different from those in which 
Coignet was placed in Europe, the advice of Henry Reid to rely only on: 
block masonry should be adopted for large and important works, monoli- 
thic masonry being used only for minor work, the surface exposed to rain 
water being well cemented to prevent percolation. 


To Recarirutatr.—In the first part, the various degrees of wetness of 
mortar under different circumstances have been examined; the importance 
of the classification of our burnt kunkurs has been pointed out, and prac- 
tical ways of finding out the class to which each particular burnt kunkur 
belongs have been given; lastly the question of artificial cement is con- 
sidered in some of its details, and a short description of the manner in 
which the experimental manufacture will be conducted is detailed. 

In the second part the qualities of the various inert materials and the 
way to utilise the bad sand of the Punjab have been shown; the dangers 
accompanying the use of fast setting natural cements are indicated, and 
various ways of retarding their setting activity have been given; the 
effects on the specific gravity of the concrete resulting from the degree 
of hydration, and from the degree of ramming have been pointed out, 
many unknown precautions attending good ramming, making good joints 
and handling blocks have been detailed; an endeavour has been made there- 
fore to explain everything which was yet obscure and undefined in the 
theory ard practice of concrete making. 
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No. LXXITI. 


. RETROGRESSION OF LEVEL IN CANALS. 
Vide Plate XII. 


By E. A. Sisonp, Esq., Hrec. Engineer, Sirhind Canal. 


Corrine back is an evil that is costly to remedy, especially if ‘compre- 
hensive measures are not taken to check it at the beginning. This paper 
only treats of irrigation canals, where it is economy to carry water at the 
greatest velocity that the soil and slope of the country admit of. The 
Ganges and Baree Doab Canals are examples of the two largest irrigating 
canals. The profits of both have been seriously diminished by the yearly 
expenditure in protecting the masonry works against cutting back. 

The following theory is based on observations of the state of the bed 
of the Baree Doab Canal at different times, and different places, and the 
effects of different systems of protective works. 

Given a length of earthen channel between two masonry points. If the 
velocity in contact with the bottom is greater than the soil can stand, 
cutting commences, It is evident that in a straight channel with the 
stream ‘in train,” the greatest surface and bottom velocities are in mid- 
stream, and therefore cutting will commence there first. Every inch cut 
here, increases the depth at this point, and consequently the bottom velo« 
city. With an increase of velocity and area in mid-channel, there must 
be a corresponding decrease of velocity towards either bank, the cutting 
having commenced and localized itself, it is also evident action on the line 
selected, is intensified in the ratio (a + d)*. 

In Fig. 1, let AB be the given length of earthen channel. 

If the soil was the same in every foot between A and B, a gullet E, 
Fig. 4, would be formed in mid-channel, on a lower level, and a smaller 
decliyity. This gullet may be represented by the line CD, Fig 1. Whether 


oy 
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the gullet ABCD will run up to B as in 2g. 1, or work into slope as 
originally projected before reaching B, as in Fig. 2, will depend upon cir- 
cumstances that will be referred to furtRer on. 

The difference of declivity on the line AB and the line CD, will represent 
the rapid that will be formed eventually on the masonry bar A. 

In the above, I have supposed the quality of the soil in every foot of the 
channel to be the same, and the result a uniform gullet. It would be im- 
probable that the tenacity of the soil could be the same in every portion. 
The consequence is that the gullet will not be on a uniform level, and the 
change of level wherever the tenacity varies is distinguished by a rapid, 
vide a,b andc, Fig. 2. In the abrupt change from an upper to a lower 
level of the gullet the stream is contracted, and the dispersion of the 
threads of the stream after contraction tends to scoop out a basin below. 

Fig. 2, gives what may be called the second stage of cutting back ; 
breaks in the level of the gullet occurring at a, 6 and c. At the toe 
of the crest of the fall or rapid at each break, we find a pear-shaped cistern 
or hole, formed by the fan-like dispersion of the threads of the stream on 
quitting the higher level. 

Now take the breaks a and 6b, Fig. 5, from Fig. 2. If the soil at 6 
could not stand the velocity duc to projected slope, it could not stand the 
higher velocity on the rapid, and therefore in a given time the portion 
bedh will be cut away, and the deflected threads not requiring the space 
c, ¢, f, g, this area will be silted up. When the point 6 recedes to the point 
a by gradual erosion, and a again to the bar A above the bed between A 
and B, Jig. 3, may be said to have acquired permanently the declivity best 
adapted to carry the ordinary discharge. 

The successive basins formed during the retrogression of b to a, by 
necessarily having the axis EF, Fig. 7, much larger than the width of the 
gullet, serve to widen the channel on the lower bed; otherwise channelling 
would simply wear a semi-circular section in the projected bed. These 
holes therefore so far from doing mischief are very useful, for they check 
the tendency to a semi-circular section, which with large bodies of water, 
would require that nearly every inch of fall should be provided for by 
' masonry overfalls. 

On the Baree Doab Canal the first appearance of retrogression was dis- 
tinguished by a slight deepening of channel ueually in mid-stream, and 
soon after by small rapids at various points, and by the scouring out of 


PLATE XII. 
CTIONS SHOWING RETROGRESSION OF LEVEL ON DIFFERENT REACHES 
OF THE BAREE DOAB CANAL. 


Horizontal Scale 60,000 = 1. 
Vertical Scale 120 = i. 
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large holes. Frascines, kiln refuse, lines of stakes, wattling, and large trees 
were tried year after year, but nothing appeared to check the retrogression 
of level. Wherever the minor rapids have worked back and formed one 
large rapid at the up-stream masonry bar, these holes have silted up, and 
there is now a uniform bed on a lower levelas C, D, Fig.1. The scouring 
out of holes is only an accident due to the formation of rapids, and it is 
only a waste of money to try and check them. 

My observations show that the holes do less good where there is a stra- 
tum of kunkur or a tenacious soil. It is almost a paradox, but channel- 
ling appears to be most formidable in good soil. The soil of reach shown 
in Fig. 3, is better than that of Fig. 1, yet the retrogression in the former 
is 6:9 feet, and in the latter 3:2 feet. Inlight soils the sides fall in, and 
prevent the tendency to a very deep stream. There is an example of this 
in the reach above Dharewal fall, the soil here is much worse than that of 
Figs. 1 and 2. 

The following will probably give the key to the above paradox. The 
dimensions of section Fig. 4 are— 

Width of bed, 84 feet. 
Side slopes, 1°5 to 1. 
Depth of water, 5:0 feet. 
Declivity, 1 in 2,500. 

A semi-circular channel of the same area will give the same discharge 
on a declivity of 1 in 9,838. That there is a difference is of course well 
known, but its importance has been, I think, overlooked. 

In both cross sections we have the same area, and the same discharge, 
60 it is evident that the mean velocity must be the same. At the same 
time the range between maximum and minimum velocities in the right 
lined section is more, and in the semi-circular seotion less, therefore the 
mean Velocity in the latter section would be a safer guide to estimate 
effect on bed than in the former. 

With reference to Fiq 1, it was left undetermined whether D would 
vanish or not at B. It will vanish at B if the declivity below B is not so 
sharp as to cause a draw, or if there is a properly constructed overfall at 
B. If in channel BC, Fig. 6, a weir is built, it is a mistake to suppose 
that the water in prism ABC is dead. Any change from a higher to a 
smaller velocity causes dispersion, and a contraction of the stream tukes 


place on the velocity being increased. The weir AB causes dispersion 
VOL. I.——-SECOND SERIES, x 
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at D and contraction at A, so that D, E, A, F represents running 
water. ; | 

If the theory of retrogression of level is correct, the adoption of inter- 
mediate overfalls to arrest it would require such overfalls to be high 
enough to practically convert the several reaches of a canal into still 
water reservoirs. Such an expedient would obviously be very costly, and 
especially so in lockages, if navigation had to be provided for. 


HE. A. 8. 
Roorvr, 
March 4th, 1878. | 
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No. LXXIV. 
QUANTITY OF WATER FOR VARIOUS CROPS. 


Report on Experiments for ascertaining the quantity of Water required 
Jor Irrigating various Crops in Rajpootana. By. W. W. CULCcHETH, 
Esq., C.E., Exec. Engineer, Beawar, 


Report on the observations made on Irrigation from Wells at Beawur during 
the cold season of 1871-72. 


April, 1872. 
Tas observations were commenced in October last, when irrigation for 
the rubbee first began. Two wells were selected at a convenient distance 
from the city for observation. One was worked by a churrus or mot, 
and the other by-a Persian wheel. The accompanying statements (three 
in number) contain the results of observations. 

A careful man was employed ali through the season to count the number 
of méts in one case, and the number of hours of working in the other, and 
to note the area each day irrigated. The latter was checked at the end 
of the season, by measuring the whole area, and multiplying it by the 
number of waterings. 

The discharges were measured by means of an iron cylinder, near the 
bottom of which are three holes of different sizes. The middle one, 
which was used in these observations, is 1:64 inches in diameter, and the 
average head of water above centre of orifice was 10 inches for the chur 
rus, and 12 inches for the Persian wheel. By D’Aubuisson’s formula, 
‘D = 3:9066d? ,/% the discharges are 067 cubic feet per second for the 
mot, and :078 cubic feet with the. Persian wheel. As there were 66 
mots drawn in an hour when the above discharge was measured, the 
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contents of each churrus (as far as available for irrigation) are 8°6 cubic 
feet. The actual contents of the mét and the buckets of the Persian 
wheel were not measured, as only the water delivered into the water- 
course leading to the fields was available for irrigation. 

The actual areas irrigated were 19} beeghas by the Persian wheel, 
and 91 beegahs by the churrus or mét. A rubbee crop was grown on 
the former, and the same on 82 beeghas of the latter, while & were 
occupied by vegetables; the two beegahs which are shown as khureef 
were afterwards used for rubbee. All the fields with rubbee were 
watered six times, and many of them seven times, the vegetailes were 
watered several times and cut, after which others were put down and 
watered nine or ten times up to the end of March, since which the obser- 
vations have been discontinued, as the rubbee crops were then being cut. 

Tabular Statement, No. 1, shows a great similarity in the average 
qnantity of water required per beegah for different crops. The quantity 
each month, however, varies, less being required in the latter part of the 
season, probably owing to the greater frequency of the waterings. No. 2 
shows a similar result in cubic feet, and gives the depth of each watering 
in inches; this is very similar in the two modes of irrigation, No. 8 
shows the total quantity of water used during the season and the depth. 

The main object of these observations was to ascertain the quantity of 
water required for irrigation. From No. 3 it appears that 29,579 cubic 
feet were used per acre by the Persian wheel, and 36,357 cubic feet by the 
mot, or an average of nearly 33,000 cubic feet, which represents a depth 
of nine inches for the rubbee crops: 76,103 cubic feet were used for 
vegetables during the same time. Hach watering was on the average 14 
inches by both methods of irrigation, and for both crops, but more was 
required at the commencement of the season, and less later. This was, 
doubtless, to a great extent, owing to the fact of the ground becoming 
hard from repeated waterings. 

It is not the custom to make the beds (kyarees) so small for tank and 
canal irrigation, as for well irrigation. The latter mode necessitates con- 
stant labor to raise the water as required, whereas the former generally 
supplies the water so as to flow over the ground in a continuous stream, 
without the necessity for any supervision beyond what is required to 
divert it into the various fields, Water from welle is obtained with. 
ajfGeulty, and in small quantities, and is, therefore, used with care,. 
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whereas that from tanks and canals, flow generally in a larger stream, 
and requires very little labor; it is, therefore, used more freely and often 
wasted even. This must be considered when comparing well with tank 
irrigation, the same duty must not be expected from a given quantity of 
water stored in a tank, as from the same quantity raised out of wells. 

Under these circumstances I do not think these observations will wer- 
rant less than one foot in depth, being taken as necessary for rubbee irri- 
gation, when considering a tank project. Vegetables are seldom grown 
in considerable quantities, or away from a large town, and need not be 
taken special note of. 

It may also be worth noting that, roughly speaking, one-fourth of the 
whole quantity of water is used during October, November and December, 
and one-fourth during each of the remaining months. 

In conclusion, [ would recommend a continuation of the observations 
during the next khureef and the following rubbee. The experience of 
the past season will be a valuable guide for the future. It would be 
interesting to ascertain whether the fewer waterings which are sometimes 
given, take less water altogether. It seems probable that each watering 
would be heavier, as these observations show to have been the case at 
the commencement of the season. One well might be selected with a 
view of deciding this, a not unimportant point. 
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No. 38. 


Tasix showing the total quantity and the depth of water used during 
the whole season, viz., from October 1871 to March 1872, inclusive. 





AREA TR- | QUANTITY OF WATER 
USED. 





RIGATED £34 
Fm 
Mode of irrigation. | Crop.| § Sy é (Se4 Remarks. 
e m a 
riilei| sé | i ie 
<q o fy = 














By Persian wheel, | Rub-| 19}/7-70| ... |227,758/29,579) 8-15| Average quantity 
bee ad acre, 52,968 c. 
eet. 


By mét orchurrus, |__,, 8§/3°45 (84,842) 125,431/86,357|10°02 | Average depth per 
acre, 9:08 inches. 


” Y Vege- 
table 4| °35]| 7,399] 26,636/76,103|20°97 During six months, 
October to March, 
inclusive. 





Note by Mason J. M. Witiiams, Exec. Engineer, Ajmere Irrgn. Division. 


These experiments were conducted with great care, and under the 
immediate supervision of Mr. Culcheth, and during the period of his 
absence on leave by Overseer Sergeant Houghton, a most careful subor- 
dinate who held temporary charge of the sub-division. 

The crops irrigated consisted as follows :— 


Wheat, ee “s oe oe ee 5 beegahs. 
Gojee, ee ee oe ee ee 224 ” 


(wes 


Total rubbee crop oe 274 5 


66 ee ee 7k 99 


Vegetables, .. eee 


It will be seen from Mr. Culcheth’s report that the average quantity 
of water per acre required for the rubbee crop was 32,968 cubic feet, 
and the average depth 9-08 inches, delivered in about seven waterings of 
1% inch each. 

Vegetables required more then double this quantity of water, but for 
all general purposes of irrigation these may be left out of the account. 

Mr. Culcheth explains that the beds (kyarees) in fields under well 
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irrigation are made very much smaller than for tank or canal irrigation, 
and for that reason the observations which have now been made will not 
warrant less than one foot in depth of water being taken ss necessary 
for rubbee irrigation when considering a tank project. : 

In this I entirely concur, since the saving in water is two-fold in irri- 
gation from wells, as compared with that from tanks:— 

(1). In well irrigation the water lies on the beds of the fields, where 
they are of so small dimensions, forming almost a series of level terraces, 
so that nearly, if uot all, the depth of water given to each bed is absorbed 
in ‘‘gite” instead of rapidly running off as in the case of tank irrigation, 
where the divieions of the fields are generally a considerable distance 
apart down the slope of the land. 

(2). As raising water from wells involves considerable labor, the 
zemindars will only use as much water as may be absolutely necessary 
to mature the crops, instead of letting it run to waste as constantly is 
the case in tank irrigation. 

I consider, however, that, in other respects, the results arrived at from 
these observations may be relied upon, and that they really indicate the 
quantity of water which, under favorable circumstances, is sufficient for a 
rubbee crop. 

The experiments must, however, be extended to tank irrigation. It 
was too late last year when the experiments were commenced to do this, 
as time was requisite to make the necessary preparations to conduct the 
experiments satisfactorily. 

Some of the tanks in the Bulad Catchment have been contoured, and 
steps will be at once taken to conduct experiments on these tanks through 
the approaching khureef and the ensuing rubbee cultivation. 


Note by the Superintending Engineer, Rajpootana. ° 


The results are precisely those which all my enquirics on the subject 
from cultivators and zemindars have constantly elicited, viz., 1 foot for 
the rubbee, and what is not yet experimented on here, 6 inches for the 
khureef. This is also the result of Colonel Brooke’s long enquiries and 
experience on this subject. 

There are numerous sources of error in letting the water fall into an 
iron receptacle with three holes, into which the churrus rapidly pours itself, 
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and then entirely ceases, filling the cylinder to brim, and then letting it 

sink to zero. 

. The Executive Engineer should adopt a more correct gauge, as @ ma- 

sonry chahnel at part of the run, having a well which will contain 15 to 
30 churruses and so measure these, and 


| | . ~* thus get at the lift per hour. 
—s 7s This could be again, and continually 
at any time of the day, checked by gang- 


ing at A with a thin-edged waste board, 


whilst the flow would be somewhat equa- 
lized by the water having to run along 
a channel and pass over the field reservoir 


after leaving the churrus. 

The Executive Engineer will be directed to at once arrange for a more 
perfect experiment both for a tank and wells, beginning with the khureef 
in end of June, and ending with the rnbbee in March. 

The results here obtained are:—In the case of well water— 

1.—The rubbee crops required 6 to 7 waterings. 

2.—The acre of rubbee took a total depth of 9 inches. 

3.—Therefore each watering =12 inches in depth. 

4,—The storage required per acre = 33,000 cubic feet. 

5.—Of which about a fourth only of whole suppiy was given during 
the first three months, and about a fourth during each of the 
last three months. 


The figures per month, per acre, are in round numbers— . 
Cubic feat. Cubic feet. 
October, Se és -» 17,000} January, .. és ee 10,100 


November, ws ‘a .» 2,000] February, . ds i 8,200 
December, iS ue -» 4,100 | March, oe oe e- 6,900 











Total, .. 7,800 Total, .. 25,200 
Ne Westie 3 ame enna e eee | 
Total, 83,000 


The Chief Commissioner says, that the reasons the waterings go fur- 
ther month by month is that the ground is kept moist and sheltered from 
the sun by the crops. 

There is no doubt that for tank irrigation we must allow an increase 
on these figures, though, I think, 12 inches, or one-third more, is high 
if this experiment gives anything like correct data. 
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No. LXXV. 


TRANSVERSE STRAIN IN PILLARS. 


By Cart. ALLan Cunninenam, R.E., Hon. Fellow of King’s Col. Lond. 


Ir is sometimes required to ascertain the actual intensity of Longitu- 
dinal Stress produced in a Heavy Vertical Pillar by the action of applied 


Transverse Forces. 

[The ordinary Text-books do not usually contain a solution of this question, except 
for material whose extension and contraction under equal Tensile and Crushing 
Load respectively are equal ]. 


The general solution of this problem depends in general on the relative 
powers of resistance to stretching and crushing, and does not admit of 
reduction to a simple algebraic form. 

There is one case, however, and that the most useful, in which it admits 
of easy solution, viz., “when the actual stress over any cross-section is 
all of one kind” —(this would usually be Pressure)—by aid of the follow- 
ing Proposition, which will now be proved. 

Proposition.—In a Heavy Vertical Cylindric Pillar under Transverse 
Strain (due to applied Horizontal Forces), the Greatest and Least inten- 
sities of the Longitudinal Stress produced at any cross-section are inde- 
pendent of the Tenacity of the material, so long as the actual stress is 
all of one kind (pressure), and are therefore the same for all material 
which is capable of bearing a “ uniformly-varying” strain—provided also 
that the elastic limit for crushing strain be not exceeded. 

{This proposition, viz., that, if there be no Tension, the Greatest and Least 
intensities of Pressure are independent of the Tenacity, and also the same for all 


material, seems almost self-evident. On account of its interest and importance how- 
ever a formal demonstration is advisable, } 
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Take any (horizontal) cross-section as AB. 
Let W = Total Load or Weight above AB--(which is uniformiy dis- 


Vertical Section through Centre of tributed over AB, because the Pillar 
Gravity of Pilar. 


is “cylindric ”’). 
A = Area of Cross-Section AB. 
, = Mean intensity of Longi- 
tudinal Stress over that 
area, , 
Then p, = bud always—t. €., in- 
A 
dependently of distribution and a- 
mount of any Transverse (horizontal) 
forces,—and is Pressure. 





The effect of applied Transverse 
Force is to alter the distribution of 
Vertical Stress—(Iut not to alter the magnitude of the Resultant of 
Vertical Stress which remains the constant Pressure W) :— 

If the applied Transverse Force be small, its effect is to diminish the 
pressure on the near side (B), and increase it on the far side (A): this 
variation of pressure increases with an increase in the Transverse Force, 
and may eventually produce Tension on the near side: : 

It is proposed to limit this Paper to the consideration of the case when 
only pressure is produced—on account of the simplicity of the result. 

It is assumed by almost universal consent of Engineers that the actual 
Strain (contraction of the material) is a “ uniformly-varying ” Strain, #.e., 
that the contraction at any point of the cross-section AB is simply propor- 
tional to the distance of that point from a certain fixed line, usually called 
the ‘neutral axis” in the plane AB; also that within the elastic limit the 
Stress is simply proportional tothe Strain. Hence if O be the position in 
the Diagram of the ‘neutral axis” in the cross-section AB, the Trapezoid 
AabB is a vertical section of the “ Strain-prism”, and is also a graphic 
representation of the Stress. 

Let H = Resultant of applied Horizontal Forces, 
R= Total Resistance (i.e., Longitudinal Stress) over the cross-section AB. 


My = Moment of Loads (W), axis” in cross-section 


Let M, = Moment of Horizontal Forces " about the “ neutral 
M, = Moment of Resistances, AB. 
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G be the centre of gravity of section AB. 
g be the Centre of Stress. 
O be the position (in vertical section through G) of the “ neutral 
axis” or ‘line of no Stress.” 
«¢ = OG,a = GA, 8 = GB, «, = Op. 
os = Stress-intensity at unit distance from neutral axis. 
p' = Greatest Stress-intensity (at A). 
Least Stress-intensity (at B). 
I = Moment of inertia of area A about the neutral axis. 
I, = Moment of inertia of area A about an axis through its 
centre of gravity (G) parallel to the neutral axis. 
[ The several units of length, weight, &c., should be the same throughout | 
Then by principles of equilibrium— 


R= Wi oosseeee saelsdetacccsueseast tise (1). 
Raia M oa Woe ke Gaiden stn (2). 


Also by ordinary rules for uniformly-varying pressure (as for fluid 
pressure). 


nS 
I 


| ee eee re tee eee vehsencas (3). 
R.2o = @m lea (I, + Ag’) wocccccce sveeedss (4). 
BO ee pW Binion eendeecneaneeas-eeeeenet (5). 
FUT. Har Ang? == Mg OW aeccccscce veces concee (6). 
= M, + @ A. 2’, from (5). 
Mu 
. oil, = My, whence @ = 5 oovssoeas(d Je 


But since the stress is “ uniformly-varying,” 


p=o.g@ta=yt fa ae eieceatens: (8). 


P - WwW M 
Pp” =e. (e — B) — A — a ° B Seecee seceevces (9). 
Now these results (8) and (9) are independent of the “quality” of 
material at the section, so the Proposition is proved. 


These results must therefore (being independent of the material) be the 


same as would be found by simply adding the uniform pressure p, = - 


to the Stress-intensities at opposite sides of a (weightless) Cantilever of 


“isotropic” material, ¢.¢., material whose Moduli of Tensile and Crushing 
Elasticity are equal. 
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By the usual rules* for Cantilevers of ‘‘ isotropic” material, 


B 


Adding the uniform pressure p. = ¥. to each of these, there results 


Crushing Stress-intensity at A = 7. 
0 

e e e M 
Tensile Stress-intensity at B = i: 


as before, 
: Ww M 
P —— A i a @eteeeGoveseeensGCeoeseeaecoegaeenaatoce (8).. 
»_W My 
pP =e A — 5 POOH HRHCHOOCHOHCHHOSESSEHOCEEVE KSEE SE (9). 


The practical use of this proposition is that it enables the compara- 
tively familiar Rules applicable to “isotropic” material to be applied to any 
material within the limit—‘ Stress all of one sign”. 

(The applicability of the Proposition in any case will of course be indicated by the 
results p', ”’, which must be of the same sign]. 

The Proposition is peculiarly applicable to Masonry Structures simply 
set in Mortar, whose resistance to tearing apart (in a vertical direction) is 
generally so very small that english practicef is to place no dependence on 
the Tenacity of the mortar: in such structures, therefore, all Stress should 
(for safety) be Pressure, in which case the Proposition is certainly 
applicable. 

It may be casily seen that Results (8) and (9) are always applicable to 
Pillars of “isotropic” material, (¢. e., whether the Stress be entirely of 
one kind, or partly Tension, partly Compression), because the very same 
origina] equations (1), (2), (3), (4), are still applicable ; but these results 
are not applicable general/y to other material, because Eq. (3) and (4) are 
applicable only in the cases stated, viz.; (1), to all material capable of 
bearing uniformly-varying Strain, when the Strain is all of one sign; 
(2), to “isotropic” material, whether the Strain be of one kind or of both 
kinds. 

[It is supposed of course that the Length of the Pillar is not so great compared 
with its diameter as to make it liable to fail by bending under the Vertical Load alone, 


as the Rules for Strength of such very long Pillars are complext even under Verti- 
cal Load only]. 


* Rankine’s Civil Engineering, Art. 162. 
¢t Rankine’s Civil Engineering, Art. 263. 
3 Roorkee Treatise of Civil Engineering, Vol I., 8rd Edition, Chap. XXIII. 
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No. LXXVI. 
MASONRY CONDUITS VERSUS IRON PIPES. 
By Masor Hecror Tuttocn, R.E. 


(From “ The Water-supply of Bombay.”) 


As in every project for the water-supply of Bombay hitherto submitted, 
it has been proposed to construct the dams of the reservoirs of earth, and 
indeed been almost silently assumed that no other material for works 
ef this class could be adopted, so likewise in every project has it been 
proposed to bring the water from the reservoir to Bombay in iron or steel* 
pipes, nor have any other means of effecting this object been sug- 


* T have taken some trouble to ascertain what would be the relative cost of stee] mains as com- 
pared with cast-iron ones. At any particular time the cost will, of course, vary according to the 
state of the market at that time. But, generally, it may be assumed that a stec! main, about one- 
quarter the thickness of an iron one, will cost as much as the latter. Steel plates could be convey- 
ed up country very much more easily than iron pipes, and there would be some saving in the item 
of transit, by employing the former; but T cannot recommend their uso. It must be remembered 
that steel corrodes under the action of water much more rapidly than cast-iron, and that for the 
game money, there would be four times as much metal in pipes made of cast-iron, as there would be 
in those of steel. Under these circum-tances, of course, cast-iron would last much longer. First 
cost, moreover, in cases of this kind, should not be considered us the only point. The expense of 
renewal and maintenance are important items, and, when these are calculated, the superiority of 
cast-iron declares itself forcibly. I should add that my statement regarding the more rapid corro- 
gion of steel is not based on my general acquaintance with the use of this metal, but that it is the 
positive opinion of one of the largest steel manufacturing firms in England, who were consulted 
on the aubdject. Although it would have been manifestly to the advantage of this firm to have 
recommended the use of steel, they could not conscientiously do so. One fact of this kind is more 
convincing, than a volume of general arguments. If the use of steel were ever to be contemplated, 
{t would be well to specify in the contract that all plates worn out or found defective within a cer- 
tain period, say five or six years, must be made good at the contractor’s expense. The insertion of 
a clause to this effect, would produce tenders which would, at once show what confidence was 
placed in the power of steel to resist the action of corrosion. 


I should not omit to mention that as far as can be ascertained, no steel maine have yet been laid 


down in England. If there were, an advantage in the use of steel over cast-iron, we might surely 
expect to find it used where it is produced, 


e 
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gested. Having already shown® the inadvisability of constructing dams 
of earth in the Concan, where no good clay is to be obtained, I will now 
show the inadvisability of bringing the water in metal pipes, or rather, as 
these must of necessity be employed to some extent, I will show the 
advantage of restricting their use as much as possible. 

In the first place the size of iron mains, and consequently the quantity 
of water deliverable by a single line of pipes, is limited. I believe the 
largest main yet put down has not exceeded four, or at the utmost four 
and a half feet in diameter. The reason why we are confined to about 
this size is that, if we make them larger, the pipes become too heavy and 
unwieldy to be carried across country, But it is an advantage to have 
them as long as possible, because, the longer each pipe is, the fewer are 
the joints in the entire line, and the less is the cost of laying down. All 
the smaller sized pipes, therefore, are casi in twelve feet lengths, and 
they are not found inconvenient either to carry or to fix. But when the 
size increases to three and four feet in diameter, and especially if the 
pipes are to be taken to a rough country, and laid along a line where 
there are no roads, it becomes necessary to cast them shorter, or in 
about nine-feet lengths. This reduces the individual weight of each, and 
makes it more manageable, but the effect is that in the entire line, four 
joints become necessary, where three only sufficed before. Every extra 
joint, moreover, is equivalent in weight and cost to one-foot length of 
the pipe. Although, therefore, each pipe is lighter and costs less, the 
whole line is heavier and costs more, Thus an advantage secured in one 
direction is partially counterbalanced by a disadvantage appearing in 
another. Besides, the joints being those points in the line where leaks 
are most likely to occur, and which have to be made with special care, 
every ex‘ra joint simply adds to the chances of the waste of water, as 
well as to the expense. These considerations, therefore, prove to me that 
we cannot, in order to make our large pipes lighter, shorten them to any 
great extent. 

This being the case, the importance of the point with which I started, 
will now be appreciated. If we are limited in the size of our mains, we 
are practically limited in our supply of water. Some may reply that 
there is no engineering reason why two or a dozen mains should not be 
laid down; that, although it may be the case that we cannot have one 


© Vide Professional Papers, Second Series, No. LX VIII. 
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main larger than a certain size, there is no reason why we should not 
hare several of that size. This is trne, but it must be remembered that 
the engineering objections to this are not the greatest ones. The cost 
of two or more mains would be so great, that no project could be floated 
with such a heavy weight. Thus, then, the limit to any project for the 
supply of Bombay with water, is the discharging capacity of a pipe about 
three and a half, or four feet in diameter, these being about the largest 
sized pipes ever made. Further on I will show what this amounts to. 

Another and a very serious objection to the use of metal is, that it 
wears away so rapidly.* No really effectual means have yet been dis- 
covered to prevent the destruction of iron by corrosion, &c. How long 
a line of pipes may last in India no one could say, but, nevertheless, it is 
perfectly clear that every line laid down, must, like a line of railway, 
sooner or later be renewed. The repeated cost of these renewals, must, 
after some time, become enormous. It is the opinion of many that even 
the Vehar main which has not yet been laid down fifteen years, will 
before long require renewal. This is supported in a great measure by 
the state of those pipes which have occasionally, in consequence of leaks, 
been taken up. The amount of corrosion, both inside and outside, is 
quite beyond what most people would suppose. 

I have already pointed ont that Mr. Aitken anticipated the wearing 
away of the steel main proposed by him to he laid down from the Shewla 
reservoir to Bombay, and in answer to this objection, he replied that when 
the time came to renew the main, Bombay would be able to afford the 
cost of one of double the capacity. But any one can see that this is not 
the point. The point is whether, if the town can save the cost of re- 
newal, it would not be foolish to inenr it. 

Another objection to iron pipes is, that, not being manufactured of 
enfficiently good quality in India, and being obtainable cheaper from Eng- 
land, it becomes necessary to keep a large stock in hand for contingen- 
cies. Their cost being, under even the most favorable circumstances, as 
I shall presently show, very great, a large capital must remain idle. 

Then, again, to repair pipes, skilled European labor is required, and 
to keep up a staff of Europeans for the purpose, adds greatly to the cost 


of maintenance. 

* “T have seen cast-iron pipes laid down in Bombay, which have been corroded away (from the 
outside) in about five or six years.” Vide page 14, Mr. Aitken’s Report on the Extension of the Bombay 
Water Works. 
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But above all these objections is the insuperable one of their first cost. 
Let me assume that a pipe of 34 feet diameter is to bé laid down for 
Bombay. Such a pipe, in my opinion, should not be less than, say, 14 
ineh thick. Its weight would be about 15 ewt. 2 qrs. per yard, or 1,364 
tons per mile, allowing a joint at every nine feet. The price of iron, 
including every expense, will be £16 a ton,* and the total cost of a mile 
of 84 foot main would be, say, £22,000. 

I will now turu to the subject of masonry channels, and first as to their 
limits in size. It is quite clear that, so far as the engineering of the 
question is concerned, it is just as easy to build a conduit ten or twenty 
feet as it is to build one five feet wide or high. This being the case, 
and supposing masonry channels can be used, there is evidently no prac- 
tical limit to the quantity of water which a sinyle conduit, so different 
from a single iron pipe, may be made to convey. Thus one conduit 
would often suffice, where two or three pipes might be required. 

In the second place, unlike pipes, the materials and Jabor for conduits 
need not be brought from England, They exist in the country—an ad- 
vantage which it is hardly possible to magnify. The material is of the 
cheapest kind, and so is the labor. No large stock of the former need 
be kept at hand, nor need any expensive establishment of the latter be 
maintained, The nature of the work is both so simple, and go well un- 
derstood by the common laborers of the country, that they alone are 
quite sufficient for all purposes. 

Then, again, masonry does not soon wear away. If properly con- 
structed, it is practically imperishable. Some of the Roman aqueducts 
are standing to this present day, and I believe there are masonry channels 
now in use in parts of Italy which were constructed in the days of the 
Cesars.t Under these circumstances, it will be readily understood that 
the cost of renewal of conduits need not be an item in the expense of a 
project—at al] events, not for the next twenty generations, 


* This has been fixed by me in communication with one who is well conversant with the iron 
trade, I wish I could lower the rate and sacrifice some portion of the strength of my argument in 
this place, in order to reduce the estimates of the various projects I shall have further on to submit 
tothe Bench. But Ks 160 a ton is what I have calculated all the pipes in my projects at, and in 
qpite of every desire to keep the estimates as low as possible, The price of pig-iron has risen about 
100 per cent, in the last twelve months. It is almost certain, moreover, that, in consequence of the 
rise in the price of wages, and of the reduction in the number of working hours which has taken 
place in England aud Scotland, the price of iron will never fall again to what it was a year or 
two ago- 

¢ I have personally examined the misonry in the largest of the aqueducts at Rome, and was sure 
prised to find in what a wonderful state of preservation it was- 
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And now as to the cost of conduits. As iron pipes are limited in size, 
the best plan will be to compare, say, a three and a-half foot.main with 
a conduit capable of discharging @ certain quantity of water. Such a 
main, with a fall of five feet per mile, will discharge* 13,000,000 gallons 
duily. A conduit having a waterway four feet deep, and five feet wide, 
and being arched above, would with the same fall, dischargeft nearly 
40,000,000 gallons, or three times as much. The cost of such a con- 
duit will vary according to the soil in which it is built. In the case 
of the projects which I shall recommend for Bombay, the conduite would 
be almost entirely tunnels through solid rock, and a tunnel six feet 
high in the middle, by five feet wide (about as small a one as could 
conveniently be constructed) at the rate which has been tendered for the 
Toolsee work under Mr. Walton, would cost £6,000 per mile. If the 
soil were of the very worst description, and building, beside tunnelling, 
had to be resorted to, the cost of the conduit would be, perhaps, twice 
as much, or £12,000 a mile. Considering that the hills through which 
the tunnelling would have to be carried, consist almost entirely of solid 
trap, and generally of the hardest description, I feel certain that a very 
small portion of the tunnel will have to be built. But let me even sup- 
pose that one mile out of every three has to be built, then the average 
cost would be Rs. 80,000, or £8,000, a mile. I will, however, take it 
at more than this, at as much as £9,000. 

Thus, it turns out that a pipe, three and a half feet in diameter, will cost 
two and a half times as much as a conduit which discharges three times 
as much water. In other words, the cost of a conduit will, comparing 
the quantity of water delivered, be about one-seventh, that of a pipe.§ 


» av spe, 
* According to the formula most generally in use—viz., Hawkesley’s—Q= V —-__. 3 where G 


ie the discharge in gallons per hour, L the length of pipe in yards, H the head of waicr in feet, and 
D the diameter of pipe in inches. 

¢ By the well-known formula, which is a modification of Eytelwein’s, » = 55 / Ths, where » is 
the velocity in feet per minute, h the hydraulic mean depth in feet, and / the fall in feet per mile. 

¢ This rate, with contingencies are allowed for further on, is nearly £9000 a mile. The Glasgow 
aqueduct, the cross section of which has a superficial area twice as great as that of thischennel, 
cost about £18,000 a mile. At this rate, therefore, the latter ought not to cost more than £9,000 a 
mile. Since the construction of the Glasgow aqueduct, and particularly within the last three years, 
the art of tunnelling has improved immensely, and I think we may now assume that the Bombay 
aqueduct would not exceed thissum. I am confident, from a close examination of the strata along 
the entire line, that a very smal! proportion of the channel would have to be built. The Glasgow 
aqueduct passed in many parts through water-bearing material, which of course must have given 
great trouble to work through, and must have effected the cost of the scheme materially. ‘There 
ie not the slightest chanoe of our having to tunnel through strata charged with water. 

§ Only to give the reader an idea of the enormous cost.of pipes as compared with the other items 
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In order to convince the reader that this is not exaggeration, we may make 
the comparison in another way, and the result will be about the same. I 
have already mentioned that a main 3} feet in diameter, will cost £22,000 
per mile. Let us ascertain what the size of a conduit to cost this sum 
would be, and how much water it would give us. A six-foot square tun- 
nel, with as flat an arch above as possible, would not cost much more than 
about £10,000 a mile under favorable circumstances, ¢. ¢., if the soil 
through which it was driven were rock, and no masonry were required. If 
the soil were bad, and the conduit required to be lined with masonry, such 
a tunnel would not excced £20,000 per mile. Say that the average cost : 
of the conduit through good and bad soil were £15,000 a mile. Then, 
as it would deliver 80,000,000 gallons daily, or six times as much water 
as the pipe, costing £22,000 a mile, the relative cost of the conduit 
would be about one-ninth that of the pipe. 

And now let me direct attention to a point I have purposely reserved 
to the Jast, and which, I think, the reader will admit to be an unanswer- 
able argument in favor of conduits as opposed to pipes. 

If there were anymdvantage in pipes, this advantage would be ever so 


which go to form the estimate for a water-supply project, I take the following facta from Mr. 
Aitken’s Report on the Extension of the Bombay Water Works. Vede pages 29 to 32. 


Poway PROJECT, 


£. 
Cost of Reservuir, aalets Sie Sarees 123 lakhs of rupees, or, 122,500 
» Land, even ia ooe aise 6 ‘3 ‘5 -" 60,000 
» Iron Pipes, .... sau wes 17} ‘a a a 172,500 
Total, .... 354 ‘s ‘i » 855,000 


Thus the pipes was to cost nearly as much as the reservior and land put together. 
KENNERY PROJECT, 


Cost of Reservoir, nw ues 17 lakhs of rupees, or, 170,000 
» Land, “se ae sees 1 ‘i = 3 10,000 

», Iron Pipes, .... aene eae 288 - a »> 285,000 
Total, .... “me ss »» 415,000 


In this cage the pipes was to cost more than the reservior and land tigether: 
SHEWLA PROJECT, 


. Cost of Reservoir, cee er wees 11 lakhs of rupees, or, 110,000 
» Land, new eave eect 44 = 9 ” 45,000 
»» Steel Main, ere sieves eooe 1249 a5 ” » 1,247,600 


ramen > Eo 


* Total, .... 1404 ss ” » 1,402,500 
And in this case the cost of the pipe was to be more than eight times as much as the reservoir 
and land together ! 


These facts show the necessity which existe for every effort being made to reduce the cost of the 
means of bringing the weter to the town from the reservoir. 


All the estimates in this Article, illustrate the same subject—viz., the great cost of iron pipes 
as compared with that of the othor items, 
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much greater in a country where pipes could be manufactured cheaply 
and vice versd, the advantage would be less in a country where they were 
difficult and costly to obtain. Let us then inquire whether pipes have 
been used in preference to conduits in the land of iron. I suppose if any 
one were asked where pipes could be obtained cheapest, he would at once 
say Glasgow, where both iron and the coal to manufacture it with, are 
found in such abundance. But what do we find to be the case? In the 
Loch Katrine Works, among the first water-works in the world, out of a 
total length of 34 miles of pipes and conduits, from Loch Katrine to 
Glasgow, there are only 12 miles of pipes and 22 of conduits, and in a 
total length from Loch Katrine to the service reservoir of 252 miles, there 
are only 32 miles of pipes and 22 of conduits. Mr. Bateman, admittedly 
one of the first hydraulic engineers of the day, rather than lay down pipes, 
preferred to tunnel through hills, and some of the shafts were nearly 500 
feet deep! Can any one after this doubt the necessity of our dispensing 
with the use of iron as much as possible? If Mr. Bateman found it 
cheaper to bring water through conduits to Glasgow, where iron could at 
the time be obtained at £4 and £5 the ton, and where every mechanical 
appliance, cheap fuel, and the best workmen could be obtained, how much 
more imperative must it be for us to adopt conduits in Bombay, where 
pipes will cost £16 per ton, where the use of mechanical appliances en- 
tails a heavy cost, where the price of coal 60s. per ton, and where skilled 
workmen are not only expensive, but difficult to obtain. 

Let me give another example in which conduits have been used in place 
of pipes, and one out of England, and where the features of the country 
are very similar in their character to those of the Concan. The water 
from the great Furens Dam* is drawn for the supply of St. Etienne 
through a masonry conduit which has been built in oper cuttings on the 
sides of the hills. In this instance it has actually been found cheaper to 
build a long masonry channel, than to lay down a direct iron pipe, and 
the channel—just as would be the case in the Bombay Water Works 
has been built of stone quarried from the excavations made to receive it. 
Open cutting has been resorted to for the St. Etienne Works in place of 
tunnelling, because the hills are not tortuous; but where they are so, and 
where, therefore, the length of the conduit would be out of all proportion 
to the direct distance of the reservoir from the town, there is no doubt that, 


* Vide ({) note on page 76 of No. LXVIII., Professional Papers on Indian Engineering, Second 
Series. 
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asin the Glasgow Works, tunnelling would be by far the better method 
of the two. 

Strong as this argument is, it becomes still stronger when we remem- 
ber that the art of tunnelling has wonderfully improved since the Glasgow 
Water- Works were carried out. There is hardly any branch of engineer- 
ing, in which such great strides have been made. ‘This is shown by the 
last tunnel built under the Thames, which was successfully completed in 
a few months without the least diffieulty, while Brunel’s Tunnel took 
years to construct. 

Where much water is found, and where the soil is sandy and treacherous, 
there are some difficulties to overcome; but in the case of the tunnels for 
the Bombay Water-Works, the strata everywhere are known to be trap, 
and generally of a hard compact nature. The tunnels, moreover, run from 
200 to 300 feet above the water level of the country. I only hope water 
may be found, for it will render the work far more easy of accomplishment. 
The hills are so uncommonly dry, there is but little water to be found on 
them for even drinking purposes.* 

Hitherto I have only treated of conduits in the common acceptation of 
the word, z. ¢., as channels through which water flows as through a canal: 
{ wish now to say a few words on conduits under pressure, 

The island of Bombay and the surrounding country consist, of hardly 
anything but trap. In most parts, this rock is hard and compact, and, if 
it were free from fissures, there 1s no doubt it could be depended upon 
for the conveyance of water, even under very great pressure. Unfortu- 
nately, however, trap is a rock which varies perhaps more than any other 
in its nature, passing from the hardest basalt, to the suftest volcanic tufa. 
The abundance, however, of basalt, and the fact of its being constantly 
found in the valleys, compelled me to consider whether it would not be 
worth while to obtain the opinion of a geologist, as to the likelihood of 
success, if rock syphons were attempted where the strata promised to be 
sound. The valuable opinion of Mr. Blandford, who is known to be one of 
the ablest geologists in India, was solicited, but I regret to say that it is 
not favorable to the idea of rock syphons. At the same time I am bound 
to add, that it is far from being so unfavorable as to prevent a trial 
being made. 


© Land nty surveyors have always had to carry our water for use from Camp, We have occe- 
sionally found water on the hills, but in very smal] quantities—either in pools or dribbling down the 


face of a rock. 
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It must be remembered that according to the quantity of water brought 
to Bombay, from one and a half, to more than two lakhs of rupees would 
be saved in every mile of rock syphon used in place of an iron pipe. What 
I would propose to the Bench is, not that they should make an experiment 
on a grand scale involving great expense; to arrive at an opinion on the 
subject, a small outlay is all that is required, and the experiment should 
be made without delay, and in the island of Bombay itself. 

It does not matter what project is decided upon, or what the quantity 
of water to be brought to the town may be; the tunnel will answer equal- 
ly well for any of the projects, and the smallest sized one that can conve- 
niently be made will deliver five and six times more water than can be 
required. Let the experimental tunnel be only half a mile long, and let 
it be construeted along some portion of the line which the pipes will fol- 
low, if the tunnel does not answer. Let shafts be sunk.at intervals of two 
or three hundred yards apart, and let the tunnel be driven at the depth of 
Jifty feet below the point at which solid rock is found, not merely fifty feet 
below the surface of the ground.* Nearly everywhere in the island sound 
rock will be found, at less than 20 feet from the surface, so that the tunnel 
would not lie more than about seventy feet below. If, in sinking the 
shafts, the rock at this depth were soft, it would not be necessary to carry 
the experiment further. I would not stop the work in hard rock, even if 
there were fissures, as one of the very points to be decided 3s whether the 
fissures could not be effectually stopped up to prevent the escape of the 
water. My own impression is that such fissures as may be met with, will 
not extend to the surface, but be merely confined to the distance of a few 
yards from the tunnel, and that no water, therefore, would escape through 
them. 

Atter the tunnel was constructed, it could be filled with water, and the 
mouths of the shafts stopped up, and hydraulic pressure applied. There 
would not be the slightest chance of the tunnel bursting. Such a casual- 
ty would be impossible. At the very worst, the water might escape to the 
surface, and this would soon be ascertained, and an opinion could be 
arrived at on the experiment. 

The argument brought against such a proposition will of course be that 
a rock syphon has never yet been constructed. My reply to this is, that 


* This experiment should not be made in the neighbourhood of Koorla, or across the causeway, 
becausethe strata are not favorable, and iron pipes would probably have to be used in these places. 
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I knew of no town situated as Bombay is, where a rock syphon could have 
been attempted with a chance of success. It would bea pity for the Bom- 
bay people to condemn the idea, simply for its novelty. I do not for one 
moment maintain that rock syphons can be constructed, but, considering 
the extraordinarily exceptional nature of the rock about Bombay, I am most 
emphatically of opinion that the Bench should sanction, say, Rs. 30,000, 
to ascertain whether it is possible for them to save a first expense of eight 
or ten lakhs of rupees, and an ultimate one of perhaps fifty. 

To sum up, then, the arguments of this Article, I trust the reader will 
see there is no doubt that masonry conduits are many times cheaper than 
iron pipes; that they are far better suited to the circumstances of Bombay, 
where the materials and Jabor for their construction are both cheap and 
abundant, and where pipes are costly ; that a single line of conduits will 
out-last a dozen or more lines of pipes; and that in adopting conduits, 
we should not be carrying out works of an experimental nature, but should 
merely be following the example of one of the finest and most successful 
water-works in the United Kingdom. 

And, with regard to rock syphons, which must not be confounded with 
conduits, I trust he will see that, whatever may be the opinions of differ- 
ent people on a work, the like of which has never yet been tried, still 
considering the enormous saving which the success of such a work would 
ensure, we should be justified in going to some slight expense to prove by 
direct experiments the feasibility of the proposition. 


ON THE ADVANTAGES OF A SERVICE RESERVOIR, AND THE NECESSITY 
FOR LAYING FIPES ABOVE GROUND. 


Hitherto it has been proposed in every project to deliver the water to 
Bombay under direct pressure from the storage reservoir. As I am of 
opinion that this would not only entail needless expense, but cause many 
more interruptions in the regular supply to the town than would take 
place if we had a service reservoir nearer at hand, it is necessary that I 
should prove the point. 


* Since writing the above, the price of iron has gone up still higher, and it appears to me more 
than ever necessary to make the experiment recommended above, 
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{t does not of course follow that because channels are cheaper than 
pipes, therefore to bring the water nearer to Bombay by help of channels 
first, and then to deliver it by pipes, will be cheaper than to employ pipes 
only. It may so happen that the additional cost of the service reservoir 
in the former case may render that system on the whole more expensive. 
I will, however, show that, so far as Bombay is concerned, there is no 
doubt of the advantage of the method of distributing the water from a 
service reservoir. Let me take by way of illustration any of the projects 
which have been proposed. The Kennery Project will serve for the ar- 
gument as well as any other. Pm 

In order to bring the Kennery water direct from the lake, Mr. Aitken 
proposed a main 82 inches in diameter, and 1} inch thick.* It was 
moreover to be 22 miles long, and to cost 234 lakhs of rupees, or rather 
more than a lakh a mile. Now I find that by means almost altogether 
of a conduit, the Kennery water can be brought to within 94 miles of 
Bombay, and that from this point the pipe, instead of being 32 inches in 
diameter, need not be more than 27. The unprofessional reader will 
naturally suppose that if the pipe is reduced in size, it will not deliver 
the same quantity of water, but this is not so. The pipe of 27 inches 
diameter will in the second case deliver quite as much water as the pipe 
of 82 inches will in the first. The apparent paradox is easily explained, 
A pipe delivers water in proportion to the head of water compared with 
its own length. <A pressure of 500 feet is no more effective at the dis- 
tance of 50 miles than the pressure of 100 feet at the distance of 10 
miles. ‘The discharges of all pipes are calculated on this principle. The 
discharge in the case of a pipe from the Kennery Lake would be in pro- 
portion to the head at that long distance. Let us suppose the water to 
be taken from the lake at a point 170 feet above Bombay, which is about 
the level at which it would have to be drawn, Then the average fall 
available for the pipe would beyonce) or not quite 8 feet per mile. 

Now if, on the other hand, we first brought the water to within 9} 
miles of Bombay before delivering it to the town under pressure, I find 
this could be done with very little loss of head. The distance between 
the Kennery and the service reservoir is 8} miles, and, excepting in one 
portion of the line (three-quarters of a mile long) where, there being a 
depression in the hills, it would be too expensive to construct a masonry 


* Vide page 30 of-his Report on the Extension of the Bombay Water Works. 
VOL, Il—-SECOND SERIES. 24 
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work, and a pipe would have to be laid, we could use conduits through- 
out. If we did so, we should not have to give the channel a greater 
slope than 12 inches # mile, because, even with a waterway 5 feet wide 
and 4 four deep, it would discharge more than twice the daily supply from 
Kennery. The total fall, therefore, in the 74 miles would be 74 feet. 
The syphon across the depression in the hills need not have a greater 
slope than 5 feet per mile, as, if it were even 36 inches in diameter, it 
would carry the daily supply from Kennery ; but in calculating the cost 
I will suppose a 42 inch* pipe is used, or one capable of discharging one 
and * times the daily supply. The total fall, then, in the syphon, 
three-quarters of a mile long, would be 3? feet, and the total fall in the 
conduit and syphon together would be just 114 feet,f so that if the water, 
as I propose, left the Kennery Lake 170 feet above Bombay, it would 
reach the service reservoir at (170 — 114) 1582 feet above Bombay. 
This pressure being available at the distance of only 93 miles, the aver- 
age fall would be (5{' or) about 16% feet per mile, more than double 
that in the case of one long continuous pipe from Kennery, This great 
fall enables us to reduce the size of the pipe, so that, whereas a pipe of 
82 inches diameter is required in the one case, a pipe of 28 inches diame- 
ter suffices in the other. Nor is this all; the smaller the pipe the thinner 
the metal to resist the pressure may be, so that besides a smaller pipe we 
need not have one so thick. 
The cost of the 323-inch main from Kennery was calculated at 28} 
lakhs of rupees. The cost of the channel syphon and pipe would be: ~ 


RS, 
7} miles of channel, at Rs. 80,000 a mile,. ... 6,00,000 
Syphon 3-mile long, 42 inches in diameter and 1 inch thick, 
weighing 832 tons, at 110 Rs. a ton, 91,520 


9} miles of 28-inch pipe, 1 inch thick, weighin; g 720 tons per 
mile, at 110 Rs. a ton,§ or 79,200 Rs. a MING, “200. . see. eae 7,52,400 
ee 14,48,920_ 
Add 10 per cent. for contingencies, say, ... ... se 1,44,080 
Total, ... ss ... ~ 15,88,000 
* In my Kennery Project the pipe I propose is 48 inches in diameter, but this is for special rea- 
sons, which do not concern my argument here, 
' ¢ In my Kennery Project the actual fall is 144 fect, but this also is proposed for special reasons, 
which are too long for me to explain now. For the purposes of my argument, the above statement 
is correct, inasmuch as we are concerned here, not with the fall it would be best to give to the channel 
‘and syphon—for that may depend on several other considerations—but the fall we could give to them 
in order to keep the water as high as possible. 
t It might be only three-quarters of an inch thick, as it would not haveto resist a greater pressure 
than a head of water of 50 feet. 
§ About the same rate at which the 524 inch main was calculated. 
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So that the difference of cost between a long pipe from the lake and a 
conduit, syphon, and pipe, amounts in this one project to about eight 
lakhs of rupees. Now the cost of a service reservoir will not be more 
than three lakhs, so that the advantage of a system with a service reser- 
voir, so far as mere expense is concerned, is manifest. The argument 
would be still stronger if I took a project with a reservoir beyond Sal- 
sette—such, for instance, as the Shewla or the Tan€a Project. 

The other great advantage which a service reservoir possesses is this: 
we reduce the number of interruptions to the regular supply. If we have 
a long pipe—as, let us suppose, for instance, the one from Kennery—an 
accident in any portion of the line of 22 miles must necessarily cause the 
entire supply to the town to be cut off while the damage done is being 
repaired. But in the case of a service reservoir, if an accident happens 
above the reservoir, the supply can still go on from the latter while the 
conduit is being restored, and, when the conduit is open again for use, 
the service reservoir can be refilled. 

The great length, fifty-six miles, of the continuous pipe from the 
Shewla reservoir to Bombay, proposed by Mr. Aitken, constituted in 
the eyes of most of the profession one of the greatest objections to the 
scheme. The longer the pipe the greater must be the number of bursts 
which take place in it, and the greater must be the number of stoppages 
to the supply to the town. So that, if the pipe from Vehar to Bombay, 
fourteen miles long, bursts a dozen times yearly, and the water has to be 
shut off from the town for twelve days in the year, it would have to be shut 
off four times as often, or for forty eight days in the year, in a pipe four 
times as long,—viz., fifty-six miles; and this, where the interests and 
welfare of nearly three-quarters of a million people are concerned, is an 
important consideration. 

Even if a service reservoir entailed considerable extra cost over a con- 
tinuous pipe—which it fortunately, in the case of Bombay, does not—I 
should still most strongly advocate its adoption, in consequence of the 
great advantage it affords in the regularity of the supply not being 
dependent on the security of a single long line of pipes. 

Here again, in recommending the use of service reservoirs situated 
nearer to the town than the storage reservoirs, I am merely following the 
practice of the most eminent hydraulic engineers of the day. Both at 
Manchester and Glasgow, and also at numerous other towns, the water 
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is stored for nse at a long distance from the town, but is distributed to 
the population from service reservoirs kept constantly filled from the 
distant lakes. Indeed, the time will come, if it has not already, when 
the inconvenience of the stoppage of the water from Bombay for even a 
few hours will be considered so intolerable, that it will be necessary to 
have one or two distributing reservoirs in the town itself to contain a 
sufficient supply for one or two days. I do not recommend their con- 
struction just now, because J think the town had better spend all its pre- 
sent available means in storing water and in bringing more to the people. 
Distributing reservoirs can be built at any future time when the want of 
them is really felt. 

In conclusion, I have only to add that it is surprising to me to find that 
the necessity of bringing the water as near as possible to Bombay before 
distributing it under pressure should never before this have been pointed 
out to the Bench, and that I should have to bring it to their notice. The 
mere fact of the system being exactly in accordance with the best Euro- 
pean practice should have drawn attention to the subject long ago, 

I have already referred to the rapid destruction of iron by corrosion, 
and Mr. Aitken has stated in his Report on the Extension of the Bombay 
Water Works, that he has seen cast-iron pipes laid down in the island 
enrroded in five or six years. There is no doubt whatever that the 
process of corrosion is much more rapid in Bombay than it is in England, 
and that this is, in great part, due to the large anantities of saline mat- 
ter mixed with the soil. So important did Mr. Aitken think the subject, 
that he considered it necessary to advocate that his pipe should be placed 
on standards above ground. The great objection urged against this 
proposition, during the sitting of the Water-supply and Drainage Com- 
mission in 1869, was that the water would arrive in Bombay at a tem- 
perature sufficiently high to boil an egg. Now, on this one point I agree 
with Mr, Aitken, and I altogether dispute the validity of the objection. 
I am of opinion that the temperature of the water in a pipe exposed to 
the sun would not be materially affected; but the fact can be ascertained 
by the simplest of experiments, and at a most trifling expense, perhaps 
50 Rupees. 

T propose that one of the 30-inch pipes in the possession of the Bench 
be taken and, being supporting on standards, be exposed to the full heat 
of the sun some day in October, when the sun is, perhaps, as powerful as 
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at any time of the year. Let the two ends of the pipe be closed with flat 
iron plates, the pipe filled with water, and arrangements be made for draw- 
ing off the water from time to time by a small cock. Beginning at six 
o’clock in the morning let small quantities of the water be drawn at every 
hour up to six in the evening, and each time let a thermometer be plunged 
into the water to ascertain its temperature. We shall then know, to a 
certainty, to what extent exactly the water will be heated in a pipe expos- 
ed all day long to the action of the sun. 

Let it be borne in mind that the water delivered in Bombay through a 
main would never be so warm as that. in the experimental pipe suggested 
by me. In this latter case, the pipe will be exposed to the sun’s rays all 
day long, and the water will be heating all this time; but the water in a 
main would not take more than five or six hours to reach the town after 
it left the reservoir. 

If the experiment shows that the temperature of the water is not sen- 
sibly increased, the pipes can be laid above ground without any protec- 
tion from the sun, but, if the temperature rises, it will be necessary to 
consider if steps could not be taken to protect them in some way, so that 
the direct rays of the sun should not fall on them. I am opinion that 
there are many ways in which this could be done, but I will merely sug- 
gest one or two, not advocating any particularly, but merely putting them 
forward for consideration with the numerous other plans which are sure 
to be proposed in Bombay. Bundles of dried grass, one of the few things 
to be had very cheap in Bombay, might be laid four inches in diameter 
over the upper half of the pipe, and a sheet of thin galvanized iron, bent 
to a semicircular form, be laid over the grass. At intervals of three or 
four feet apart, hoop iron might be nassed round the whole, binding them 
together, and a coat of tar might be put over the upper half of the pipe 
for its better preservation. 

Or a sheet of galvanized iron might be fixed over the pipe without any 
hay between, but in this case it would be well to have a space of about 
eight inches between the sheet and the pipe, so as to let the air play 
freely between them. 

Tarred felt might also be tried, but I do not recommend it, as I fear it 
would not last long. But it does not matter what method is adopted. 
Some good plan is sure to be discovered finally. What is really neces- 
sary at first is, that the Bench should be satisficd that pipes laid above 
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ground will last longer than if buried in the earth, and in order to prove 
this point, I only ask them to examine the line of pipes between Vehar 
‘and Bombay. Soon after leaving the Main Dam, the pipe runs over the 
Gopur stream, and is exposed to the air for a length of about a hundred 
feet.* This portion of the line appears now to be in nearly as good a 
state of preservation as on the day when it was laid down. But let any 
other part of the line which has been buried beneath the soil be exposed, 
examined, and compared with this portion. The pipes will be found with 
their surfaces rough, eaten through, or scaling off with corrosion. Facts 
of this kind are worth a thousand opinions, and if it be the case, as it 
undoubtedly is that pipes exposed to the air do not corrode to anything like 
the same extent as thosc which are buried, there surely can be no doubt, 
considering the enormous price of irun now, of the advisability of our 
taking every step in our power to make our mains last as long as possible. 

The mere saving in the water-supply alone should ensure the consider- 
ation of the subject. When pipes are buried, they may go on leaking for 
years without the fact being discovered, whereas, when they are laid above 
ground, the slightest leak betrays itself at once, and can be stopped without 
delay. 

I trust I have now demonstrated that, before we go on blindly repeat~ 
ing what may prove to be the errors committed before, it is incumbent 
on us first to ascertain whether pipes above ground in Bombay do really 
Jast longer than those buricd beneath the soil, and, if this is proved, 
whether the temperature of the water will be sensibly affected by exposing 
the pipes to the full heat of the sun, and, even if this be the case, to inquire 
whether steps cannot be taken to protect them from absorbing such an 
amount of heat as would raise the temperature of the water. 


H. T. 


* I write from momory, 
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[Vide Plates XIII. to XXX.] 


By Masor Hecror Tuttocn, R.E. 


On the 2nd June, 1845, the Government of Bombay were so alarmed at 
the deficiency of water in the town, that they passed a Resolution ap- 
pointing a Committec to report with the least possible delay on the state 
of the wells in the Island, the quality of the water in them, and the 
quantity remaining for consumption. 

The demand for the Report must indeed have been very urgent, for 
the Committee, composed of Doctors Graham and Leith, submitted their 
views to Government on the very next day. They acknowledged the 
great want of water prevailing in the town, and the great distress felt 
by the people from the deficiency; they pointed out, moreover, that the 
water was, as a rule, bad in quality, in some instances brackish, and in 
others, tainted by the drainage from the streets. It will interost the 
reader to learn that the recommendations they made were: that the use 
of some private wells in Girgaum should be secured for the public by 
compensating the owners; that the wells on the esplanade where cattle 
were watered should be reserved for man; and that other wells in the 
same locality which had been closed, should be re-opened. One cannot 
but be struck by what must seem to us the mildness of the remedy pro- 
posed to be applied in those days in so serious a case. 
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The crisis must have been a very alarming one, for we find that, three 
days, after the report was sent in by the Committee, the Government 
passed another Resolution, in which the Chief Engineer of the time was 
also called upon to report on the subject, and they expressed themselves 
‘¢ most anxious to prevent the recurrence, even during one year, of such 
a calamity as is now felt.” 

So great was the attention which the matter attracted, that before even 
the Chief Engineer, who took ten days only to think over his project, 
could reply to the demand of the Government, another gentleman, who 
had been devoting himself to the solution of the problem, stepped in and 
proposed a remedy for the evil. We find that on the 14th of June, a 
memorandum was prepared by L. C. C. Rivett, Esq., of the Civil Ser- 
vice, ‘On the practicability of obtaining a supply of Good Water for the 
Native Town of Bombay.” 

Mr. Rivett pointed out that it was hopeless to attempt to add to the 
supply by means of wells; that in order to keep the tanks in the town 
full up to a certain level during the whole year, the only plan was to col- 
lect rain-water during the monsoon, and that the principal desiderata were 
“an elevated position for a reservoir,” “a large surface from which to 
fill this reservoir,” and “ facility of conveying the water from this reser- 
voir to the tanks in question.” Mr. Rivett wrote: “the principal points 
which at first sight present themselves for such an object appear to be” 
—I think the Bombay public will smile— Nowrojee Hill at the back of 
the Gaol, the hill above Mazagon, the Chinchpoogly Hills, the hill above 
Parell, Malabar Hill adjacent to the Parsee Cemetery, and the hill 
above Col. Dunsterville’s House.” How wonderfully the town has grown 
since then, and how our wants have increased, we can realize by the fact 
that the idea should at one time have been even entertained that these 
sources might suffice. 

A glimpse of the future Bombay must have been caught by Mr. Rivett 
even a quarter of a century ago, for, on consideration, he rejected all 
these sources. Calculating the areas of the important tanks on which 
the town depended for its supply, Mr. Rivett found they amounted to 
672,000 square feet, and he considered it would be necessary to supply 
each tank with water to the depth of sixteen feet. Proceeding then on 
the supposition that the rain-fall was 64 feet in the year, and that only 
half of it could be collected, and assuming that the reservoir should hold 
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a three years’ supply, he found he should require a gathering ground 
of 240 acres. This would enable him to collect 200,000,000 gallons. 
As none of the sites above-mentioned offered this extent of collecting 
area, he proposed that a reservoir should be built on a hill standing on 
the peninsula called “The Neat’s Tongue,” but which we know better 
as “ Trombay.” He said— 

“There is, however, on the peninsula called the Neat’s Tongue, a hil! 
which offers all the requisite advantages, and where a reservoir sufficient 
to supply fifty times the amount above specified (200,000,000 gallons), 
might be constructed, This hill is certainly 800 or 1,000 feet high; 
its sides are steep, and there are several spots on it in which the ground 
converging towards the nullahs, forms almost a natural crater, admirably 
adapted for a reservoir. There is here sufficient unemployed surface to 
collect water for a reservoir of almost boundless extent, and one, the 
bottom of which would be at least 300 feet above the level of the tanks 
it would have to supply. On this hill a point might be selected, distant 
from Sewrce in a direct line three miles. The water from the reservoir 
might be conveyed from the hill by an aqueduct of iron pipes, supported 
on pillars of masonry, across the arm of the sea (dry at low water) which 
separates Sewrce from the Neat’s Tongue. From Sewree a similar 
aqueduct would lead the water to the Byculla Tank, in the first instance, 
and from thence it should be conveyed by underground pipes to the other 
tanks, or any other point in the nutive town, which in this manner might 
be as well supplied with water as London.” 

The Estimate of the cost of the works was as follows :— 


53 miles of 12-inch pipes from the Reservoir on Neat’s Tongue to 


Bombay, 7 ee oe oe sve we = 8,500 

2 miles of pipes to distribute the water from tank to tank, »» 3,200 
Masonry columns to support the 54 miles of pipes, ie .» 16 SHO 
Reservoir, about, .. - ee - os 2» 40,000 
Total, -. 68,940 


Or somewhat less than seven lakhs of rupecs. 

At this distance of time it is amusing to think, that the hill on the 
Island of Trombay, should ever have been considered so extensive, as to 
be able to give us a reservoir “of almost boundless extent.” Since Mr. 


Rivett’s day, the inhabitants have multiplied to such an extent, that the 
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supply from any reservoir in Trombay would hardly suffice the town for 
more than a week. 

Mr. Rivett’s proposition, although it was put forward with great 
ability, and was really, in my opinion, well worthy of consideration at 
that time, does not seem to have met with approval. At all events no 
action was taken upon it, and we may, therefore, conclude it died a 
natural death. Two days after the issue of his memorandum, the Chief 
Iengineer, Lient.-Col. George Jervis, came forward and submitted his 
remedy to alleviate the thirst of the patient. This was:-- 

‘¢To provide three reservoirs in the following situations which afford 
sandstone strata which are saturated with water throughout the year—I1st, 
The Dhobee’s Tank on the Esplanade; 2nd, Some eligible spot to be 
purchased in the Girgaum Oarts; 37d, The Cocoanut Oarts of Mahim. 
The first for the supply of the Fort; the second for the supply of the 
Native Town, from the verge of the Esplanade to a line running east and 
west from the Mombadavee Tank; the third for the supply of Parell, 
Byculla, Mazagon, and the Native Town, north of the line above-men- 
tioned, ° 

The supply of water in the reservoirs to be obtained by galleries, cut 
as far as possible in the sand-stone stratum. The water to be pumped 
from the reservoirs by steam-engines and conveyed through iron pipes 
to the different quarters. The reservoirs to be covered over by the en- 
gine rooms, and other buildings, to prevent evaporation, and to preserve 
the water pure.” 

The patient, however, who was complaining not of having too much 
but too little water in his system, declared his symptoms were not dropsi- 
cal, and accordingly refused to undergo the operation of tapping on such a 
large scale, so that the scheme, in spite of its ingenuity, fell to the ground. 

On account of this obstinacy on the paticnt’s part, the Government got 
into a more nervous and fidgetty state than ever, and, having apparently 
determined that the whole responsibility should not rest with them, they 
passed a Resolution on the 24th September, 1845, directing the attention 
of the Court of Petty Sessions to the subject, and requesting them to 
consider the “‘ measures to be taken for husbanding the supply of water, 
and for keeping it pure and wholesome.” 

The nostrum of the Court of Petty Sessions was an exceedingly mild 
one. They recommended that. .n order to prevent waste, the tanks in 
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the town should be guarded by peons; that a solitary spring, which there 
was at the Cooperage, should be ‘ reported’ on ; that the shipping should 
be made to water at Elephanta or Salsette; and, of all things in the 
world, that the Government should issue a Proclamation, which was prac- 
tically to the effect, that the people should not drink more water than was 
good for them, and that they were not to spill more in the act of drink- 
ing, than they could possibly help. The people were to be allowed to 
carry away as much as they chose, but, having got it into their houscs, 
they were to take great care of it. The Government of those days must 
have had wonderful faith in human nature, if they supposed that a man, 
having taken the trouble to convey a certain quantity of water to his 
house, would be influenced in his use of it away from the surveillance of the 
outer world, and by a Proclamation ! 

Jlowever, this advice to the patient not to drink more than was good 
for him, while all the time he was dying of thirst, was of no use. In 
spite of the Proclamation, he still cried out for water, and the au- 
thorities seem to have considered the cry not an unreasonable one, for, 
on the 21st March, 1846, the Civil Architect of the Presidency, Capt. 
T. M. B. Turner, of the Engineers, acting under the instructions of 
the Chief Engineer, submitted a new project. This was to intercept 
the rain falling—1st, on a portion of that side of Malabar Hill which 
faces Back Bay ; 2nd, on the hill near that on which the Parsee Tower of 
Silence stands; and 3rd, on sume ground lying directly north of the 
Gwalia Tank, vide Plate XIII. Having intercepted the rain, Capt. Turner 
proposed to lead it into a reservoir 400 feet square to be built, elose to 
the Gwaliaglank. The total supply calculated to be obtained from this 
project, * | was probably intended for only a portion of the town, was 
29,000,000 gallons, or, as Capt. Turner put it, sufficient at the rate of 
five gallons a day for 62,222 people during 90 days. 

But this proved of no use. The attraction of five gallons per head per 
diem was not enough to reconcile the patient to a sudden death after three 
months. In fact, the prospect of a short life, and a merry one did not suit 
him at all, for he cried out louder than ever, and so thie crisis continued. 

There now steps on the scene a man who took a very different view of 
the state of things, aud who not only understood the alarming nature of 
the patient’s case, but made a propé@sition which ultimately grew into the 
present water-supply of Bombay. 
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Captain (afterwards) Colonel J. H. G. Crawford, of the Engineers, 
leaving the wells and tanks in the town to take care of themselves, pro- 
ceeded out of the Island, and, following the course of the stream which 
formerly took its rise near the village of Vehar, proposed to intercept it 
at a point not far from Koorla. Here the water was to be pumped up, 
and brought under pressure into Bombay by iron pipes. The dam was 
not to be built to retain any large quantity of water, but merely to 
give sufficient depth to pump from. This supply every year could of 
course last so long only as the stream continued to flow, or from the 
setting in of the monsoon, up to about December. For the supply of the 
town during the other months, a series of reservoirs were to be formed 
along the course of the stream above the dam, and, as the stream dried 
up, the water in these reservoirs was to be led down to the lowest one, 
where the pumps were to be placed. 

An alternative scheme suggested by him, was to drain the Koorla valley 
by a system of underground channels to the point where the watcr was to 
be pumped up. Te said: — 

“ Suppose a valley, as in the accompanying rough sketch; the nature 
of the soil being what 1] imagine it, I should sink a shaft (A) at the 
lowest point whence I wish to draw my water—in the present instance it 
would probably be 15 or 20 feet deep. I should run an open drain (AB) 


Sy 
RRANN 0 ee 









yan 0 ut" 


pint 


ay CREASE Wr Cc 


| { 
nn we 
Yt 
Nwvaay | ia i 


LY 4 iy 
/ a 
lus 
\N ANE No 
Vn 


My ye Ms 
i eee OO iy i! i ie 


H i ill 


Ladi Matti 


wy 


UIT 


/ : 
FLEES, 


24 wide, and as deep as circumstances would admit of, with a slight slope 
downwards towards A, building up the sides if necessary, and covering 
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the surface with flagstones and earth; and at certain distances, I would 
in like manner open the shorter cross drains (cd). In this way, looking 
at the bed of the valley as a vast sponge, the whole would be thoroughly 
drained without any loss from evaporation.” 

Captain Crawford’s suggestions evidently attracted considcrableatten- 
tion, for the Board of Conservancy, to whom his letter was submitted, on 
the 16th May, 1846, called at once for further information on the subject. 
Accordingly, we find, three months after this another report, going into 
the subject in greater detail, was prepared. He had in the meantime 
been able to make a rongh survey of the country, and to take a few levels 
so that he now had some specific facts to work upon, De wrote:— 

‘(The sketch, vide Plate XIV., exhibits the mouth, and a small portion 
of the course of the nullah, which takes its rise in the range of hills near the 
village of Vehar, in Salsettc, and empties itself into the sea at the village 
of Koorla. The portion here represented flows through a nearly level 
country, partly waste ground, covered with trecs and low jungle, and partly 
of rice cultivation. The bed of the nullah consists of rock and shingle, 
whilst the banks—which are 8, 10 and 12 feet high—are in places nearly 
perpendicular, and consist principally of earth. Across the mouth of the 
nullah, and just above high-water mark (BOC), there is a natural bund of 
rock, which extends into the country on both sides of the nullah, and a 
little higher up, there is another of the same description. The hill D is 
70 feet above high water-mark ; it is almost a solid rock, and conveniently 
situated for any works requisite for establishing a head of water. 

* * * * * 

‘The nullah continues to flow until the end of December. By erect- 
ing an engine at a favorable point for pumping, and laying a main of 
pipes to Bombay, there is no doubt that a considerable body of fresh 
water might be led into the town, and, taking advantage of the favorable 
natural formation, at the mouth of the nullah, and throwing a bund across 
at that point, the top of which might be at least 20 feet above the point 
A, the supply of water would be much increased at a comparatively small 
cost. 

# * * * * 

‘‘] shall, however, proceed to show what would be (as near as I can 
at present ascertain) the first cost of the necessary works. These would 
consist of a bund at BC; providing a suitable engine and engine-house ; 
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building up the sides cf the reservoir on the top of D for procuring a 
head of water; and laying down a main of pipes from Koorla to Bombay. 

‘¢ The hill D is 70 to 86 feet above the point A, or high water-mark ; on 
the top of this hill an extra 10 feet might easily be obtained in building a 
reservoir without any very extra heavy cost, thus giving a total of 80 fect. 
I suppose, on the average, that the wateri s to be delivered at a height 
of 20 feet above high-water mark in Bombay, which would, I think, be 
more than sufficient to reach all the public tanks. This will leave a 
height of 60 fect for a head of water upon which to calculate the dis- 
charge. I assume the length of pipe to be Jaid down at about 10 miles, 
its diameter 14 inches. These conditions, with a head of water of 60 
fect, would give a discharge of 6,992,542 cubic fect, or 43,575 gallons 
per hour, without making deductions for angles in laying down the pipe, 
which need be neither great nor sudden. 

“For raising this body of water to a height of 80 feet, an engine of 
176 horse-power would be required.” 

The following is an abstract of the Estimate: — 


£. 
13 miles of 14-inch pipe, ... Ses ae és 36,023 
Engine, cost of erecting ditto, Engine Honse aiid Huciilsaies 
for Engineer, ... vee ‘ea oes seis a we = 18,900 
Damn (at BC in sketch), ... vies cee a aoe ~» 1,700 
Reservoir (at D), ... abs ae iste see sais ia 440 
Total, we 52,063 


Or over five lakhs of rupees. 

The alarming symptoms which the patient exhibited in 1845 and 1846, 
must have temporarily subsided, for nothing of importance seems to have 
been done in 1847. In 1848, however, the symptoms revived, and we 
accordingly find the public mind again in a ferment. In the month of 
May, the Chief Enginecr, Licut.-Colonel George Jervis, resuscitated his 
scheme of tapping the water-bearing strata in the island, but, before carry- 
ing it out on a large scale, he proposed :— 

‘‘ That Government be solicited to sanction the construction, in some 
convenient site on the northern boundary of the Esplanade, of a circular 
cut-stone well or reservoir, with one or two tunnels cut into the sandstone 
formation of the Esplanade as feeders to the reservoir, 100 yards in length, 
6 feet broad, and 15 feet deep, or more if practicable; the tunnels to be 
filled to within 6 feet of the surface with loose rubble stone, with a cover- 
ing of rough stune slabs, levelled to the surface, with the soil excavated.” 
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This idea did not take root in the public mind, for nothing came of the 
proposition, althongh, as we shall subsequently find, it was again taken 
up, and worked out by another Engineer. On the other hand, we find 
Capt. Crawford’s project rapidly assuming a definite shape. He was too 
able a man not to see the great flaw in his previous schemes, and he was 
not long in rectifying it. Accordingly, in his next report, submitted in 
August 1850, instead of advocating the raising of the water near Koorla 
by mechanical contrivances to the height of 80 feet, he considered it would 
be better, in order to avoid the cost of pumping, to go higher up the 
stream, and to build his dam at a point 80 feet above the level of the 
bund he first proposed.* If after a time the supply did not prove suffici- 
ent, he recommended that the construction of a series of bunds still higher 
up the stream should be undertaken, and, if even this failed to meet the 
demands of the town, then that the water in the lower part of the valley 
should be utilized by the help of pamps. 

And now we find associated with the originator of the present water- 
supply of Bombay, another able man to whom Captain Crawford entrust- 
ed the working out of his ideas, So satisfactory indeed was the manner in 
Lieut. (now General) De Lisle prepared the scheme, that not only did 

“Colonel Crawford speak of him in high terms, but, finding his own ori- 
ginal idea open to objection, he at once and finally abandoned the plan 
of pumping the water at WKoorla. 

It is in Licut. De Lisle’s Report, submitted so far back as March 1851, 
that we first meet the proposition distinctly put forward, to construct a 
reservoirat Vehar. The accompanying plans, vide Plates XV., and XVI, 
which are copies of portions of two of those submitted with his Report, 
cannot fail to convince the reader that the present works are merely 
the embodiment of Captain Crawford’s ideas. Here we have the luke 
not covering exactly the area occupied by the present one, but covering 
the greater portion of it. Here we have the dam not precisely in the 
position of the present main dam, but close to it. And here we have the 
line of iron pipes, connecting the lake with the town. 

Lieut. De Lisle’s reservoir with a dam about 50 feet high, was to impound 
in round numbers 1,000,000,000 gallons, and he proposed, in tle event of 
this supply not proving sufficient, to raise the dam ten fect higher, and 
thus to obtain double the above quantity. He assumed a yearly rain-fall 


* The reader will observe that we are rapidly advancing to the Vehar lake, 
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of 76 inches, of which 16 inches would be lust by evaporation, absorption, 
&c., and of which the remaining 60 inches would be available over an 
extent of gathering ground of seven square miles. On these data the 
quantity of water flowing into, and falling on the lake, would amount to 
6,000,000,000 gallons, or six times the quantity required tu be impound- 
ed by the 50-feet dam. The water was to be brought into the town under 
pressure by a cast-iron pipe 24 inches in diameter, and 143 niles long. 
The cost of the works was calculated thus: 


x 
Pipes, ese eee ene ees eee eee eee vee 102,080 
Dam, Waste Weir, Delivery Reservoir, and Conduits, —... 15,000 
Contingencies, &, oe. oe aoe Mes ai “ins 2,920 


Total, ... 120,000 


Or twelve lakhs of rupees. 

In a Resolution passed on the 26th April, 1851, the Government thank- 
ed Captain Crawford and Lieut. De Lisle in handsome terms for their 
Jabors, Lut called for more information on certain points. 

We now take a further step. Another man comes on the scene, who 
appears to have succeeded Captain Crawford in the anomalous appointment 
of Superintendent of Repairs, the duties of which in some extraordinary 
way, seem to have been the investigation of original projects. Lieut. 
De Lisle’s papers were forwarded to Mr. Henry Conybeare for report, 
who, in December 1852, submitted a carefully prepared memorandum 
on the subject. Although admitting that Lieut. De Lisle’s surveys had 
demonstrated the practicability of ponding up in the Vehar valley a body 
of water apparently suflicient for the supply of Bombay, at the rate of 20 
gallons per head per diem, he was of opinion that, owing to the prelimi- 
nary uature of these surveys, no sufficient data existed for determining 
the cost at which the supply could be made available to the town. He 
recommended that accurate surveys should be made, but at the same time 
he put forth a scheme of his own, which the reader will recognise as sim- 
ilar in its main idea to that suggested years before by Colonel Jervis. 

Mr. Conybeare was of opinion that, water obtained from surface col- 
lection being unfit for drinking until filtered, the springs in the littoral 
concrete formation in the Island should be made available to the towa. 
He proposed that wells should be built in the water-bearing strata, and, 
that these wells should be connected by iron pipes with large reservoirs 
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to be made in the solid trap underlying the superficial deposits. He 
thought that these reservoirs would be kept filled with water running in 
a constant stream from the wells. The iron pipes were to act as syphons. 
All that would be required would be to start the syphons by first closing 
the two ends, then filling the pipes with water, and then opening the ends 
again. The accompanying sketch, vide Plate XVIT., which is copied from 
some of the plans submitted with Lis Report, will illustrate the project. 
Mr. Conybeare proposed, moreover, that many of the tanks and reservoirs, 
should be roofed over, and that they should be supplied with water from 
filtering wells. The sides of these wells were to be “ double walls two feet 
thick, and four feet apart, built of a porous sand stone, and enclosing 
between them a thickness of four feet of fine sand, the whole forming a 
filter eight fect thick.” Besides the snpply to be obtained from the littoral 
concrete ih the Island of Bombay, Mr, Conybeare also suggested that the 
spring-bearing strata in Salsette, should be thoroughly examined before 
recourse was had to surface collection. 

Fortunately this old idea was not carried out. The Board of Gonser- 
vancy, in forwarding Mr. Conybeare’s Report to Government, took an alto- 
gether different view of the subject. They expressed doubts as to whether 
a sufficient quantity of water could be obtained in the Island in the man- 
ner proposed by him, and they added that even if it could be so obtained, 
it would require to be sent into the town at great expense and from 
many sources. They were of opinion also that none of the water in the 
public tanks excepting only one “ could be considered wholesomce—that 
they were all more or Jess filled by drainage, at the best of times impure, 
and subject to the taint of a large town.” They pointed ont, more- 
over, that late in the season, the quantity of water in many wells was 
not a quarter of what it was at the beginning, and that Mr, Conybeare 
had made a mistake in supposing that so many wells were ayailable to 
the public, the fact being that a great namber of those which he had 
mentioned for use were private property. Regarding the proposition 
that the spring-bearing capabilities of Salsette should be investigated, the 
Board said that, “any water which might be derived from springs wouid 
be found to be, if not below high-water mark, at so low a level, that the 
water would require to be forced up by machinery.” They were ‘ of 
opinion that a great additional supply of water was required for the 


health and comfort of the inhabitants, and that such supply could be best 
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obtained from the valley of Gopur, and in the manner proposed by Cap~- 
tain Crawford and Lieutenant De Lisle. 

The letter from the Board of Conservancy had its effect. In December 
1854, the Government, setting aside altogether the idea of collecting 
water from the littoral concrete in the Island, directed Mr. Conybeare to 
investigate thoroughly the project of obtaining water from the Gopur, 
and in March of the following year, Mr. Conybeare submitted his second 
report on the water supply of Bombay. It was on this report that action 
was at last taken, and that the Vehar Water Works were carried out. 

Mr. Conybeare pointed out two sites, vide Plates XVII. and XIX., for 
the main dam, one of which is identical with the site proposed by Lieut. De 
Lisle, and the other higher up the valley, where in fact the present main 
dam stands. As no observations regarding the rain-fall in the Vehar 
valley had ever been taken, he was compelled to approximate to it from 
the rain-fall at the Colaba Observatory and at Tannah, which town is 54 
miles only from Vehar. On these data he reckoned that certainly 100 
inches at least fell yearly on the gathering ground, and possibly as much 
as 124 inches. He assumed, moreover, that six-tenths of this would 
be collected. The following facts may be gathered from his report :—®* 








Six-tenths of 124 | Six-tenths of 124 








Area of gathering |. 4 : 
eee ee cag | ise gee 
Acres, Gallons. Gallons. 
Small Reservoir, ei. ae 8,948 | 5,358,737,260 | 6,644,834,187 
Large _,, eee 4,682} | 6,355,211,091 | 7,880,461,734 


eed 





* Mr. Conybeare’s levels of the contours of the lake and of the embankments were referred to 
what he called ‘* Puspolee Datum "4, ¢., the bed of the Gopur stream at the site of the lower dam. 
All the levels below this point were referred to the ‘“‘ Poydqnee Datum ”—the kerbstone of the plat- 
form of the Poydonec Reservoir in the heart of the ngtive town in Bombay. The Puspolee and 
Poydonee Datunis with reference to Town Hall Datum ara 171°83 and 89°83 feet, respectively. 

Mr. Conybeare says in his Report that Poydonee Datum is 92 feet below Puspolce Datum, and headds 
that it is 3°11 fect above high-water mark. Several careful series of levels show that Puspolee 
Datum is 171°83 feet on Town Hall Datum. This is correct to within six inches, probably correct to 
within one. Poydonee Datum therefore should be (171°88—92) 79 83 feet on Town Hall Datum. But 
this, so far from being 3°11 feet above high-water mark, as mentioned by Mr. Conybeare, is a little 
below mean aca level. 1 feel persuaded that 92 is a misprint in Mr. Conybeare’s Report for 82. If it 
is, then Poydonee Datum would just be about 3 feot above high-water mark. 

It has cost me days of labor to ascertain what shonld be clear from the working drawings, but 
these contradict each other, and the origina) bench- marks are lost, so that I have been compelled to 
{nvestigate the subject for myself. I mention these points because they have so much interest for 
the profession, and I wish to save my brother Engineers, should they ever have occasion or the wish 
to consult the original plans, all the labor I have gone through, 
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Reduced to} Area of 


/ The Reservoir 
pi ebleioans — contuinsin Gallons. 
f 
Up to 82 feet above Puspolee Datum 
{above four inches above the 
level of the lip of the lowest 
inlet pipe, é.¢., about the low- 
est level at which water 
| could be drawn trom the 
lake),  .2. see 000 coe eee | 203'83 ose 168,718,974 
' Do. 36 do. 0., sae eae eo | 207°83 eas 298 285,505 
Do. 40 do. GO., sae vee ove | 211°83 sie 497,70) 627 
Do. 44 ~~ do. Go., soe vee one | 215'83 eee 779,737 ,068 





Do. 48 do. Go., nee vee vee | -219°83 sie 1,159,660,328 

. 52 do. do, vee coe eee | 29383 | ove 1,641,860,106 

Do. 656 do. do., coe cee vos | 227°83 eee 2,215,687,185 
Do. 60 do. d0., cae ooo oo | 231°83 3% 2,881,141,640 
Do. 64 do. do., coo ee on. | 235°83 ve 8,632,668,316 
Do. 68 do. 0, cee se see | 28983] 22. 4,464,711,084 
Do. 72 do. do, cos soo oo | 24383 ove 5,377,272 ,680 
Do. 76 do. do., ste eee <eos | 247'8S oie 6,391 022,435 
Do. 80 do. do, sw. ae we | 25183] 1,102 | 7,526,633,254 
Do. 84 do. GO., sve wee nee | 250°83 1,214 | 8 784, 108, Bll 
Do. 85 do. do., 206'83 1,242 | 9,1] 17,514,470 
Do. 90 do. do. ” (about 8 inches 

Lbe oe the level of the present waste weir), | 26183 | 1,400 | 10,800,000,000* 

2 0. 3l do. do. eg eee eee ene 901)2 83 eee 3: a3, 000, 000 

ca > 


Small Reservoir. 
et iat? A. 
baessf 
Naat 
ow] 


72 do. do, san eee vee | 243'83 is 6,950,132,838 
80 do. GO.,; kee? sees oes] BOTBS 1,319 9,553,421, 338 
84 do. do, se ess oe | 255°83} 1,440 11051,351,036 





Mr. Conybeare recommended the higher site for the reservoir—that 
the main dam should be where it now stands—and that it should im- 
pound 85 feet depth of water. The advantages of the lower site were 
that it afforded both a larger extent of gathering ground, and a greater 
storage capacity, but these could not have been secured without the con- 
struction of four dams, two of which would have been very expensive 
works. ‘The upper site, although offering a somewhat less extent of 
gathering ground and less storage capacity, necessitated the construction 
of but three dams, one of which only was a heavy work. 

Mr. Conybeare pointed out that, if more gathering ground were re- 
quired, it might be obtained by running open catch-water channels “ along 
the western slopes of the hills both on the west and on the north of the 
reservoir,” vide Plate XVIII. 

* This last capacity, which is the most important of all, is not given in Mr. Conybeare’s Report, 


‘but is taken trom a paper read by him before the Institution of Civi] Engineers, Vide Vol. 17, page 
560, Proceedings of the Insttiution of Civil Engineers, 
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He also discussed the question of earthen and masonry dams, and 
decided for the former, chicfly on the consideration of cost.* 

For the escape of the surplus water, he proposed a waste weir 340 feet 
long, situated alongside of the main dam (the site of the present weir), 
vide Plate XXI. The watcr was to be delivered by cast-iron pipes under 
pressure from Vehar, and the size of the main he proposed was 48 inches 
in diameter. 

Mr. Conybeare recommended that the water should be filtered, and the 
accompanying sketch, vide Plate X1X., with the following description of 
the filter, taken from his report, will explain the subject clearly :— 

“The arrangement 1 propose.........consists of a filtering tower 50 
feet diameter inside, rising from the foot of the inner slope of the dam, to 
the same height as the latter. It will be built of a highly porous littoral 
concrete, found along the west coast of the Island of Bombay and Sal- 
sette, and at many other localities along the Malabar coast, At intervals 
of six feet there will be bond courses of Porcbunder stone pavement in two 
thicknesses, breaking joint with each other. The floor of the tower will be 
paved with stone, and thence the main conduit pipe will take its course, 
its inlet being closed at will by a single sluice. Directly this sluice is 
opened, the level of the water in the tower will sink, till the pressure is 
sufficient to force the water through the porous sides of the tower. I cal- 
culate that two or three feet difference of level will be sufficient for the 
purpose.” T 

Forming part of Mr. Conybeare’s Project was a Distribution Scheme 
for carrying the water by iron pipes to nearly all parts of the town. In 
most of the districts, the delivery was to be on the “constant service’’ 
syste:n, with all the modern conveniences of fire-plugs, stand-pipes, &c. 
The out-lying villages were to be supplied by means of draw wells kept 
constantly full by small stoneware pipes or masonry conduits, in which the 
water was to be admitted from time to time through sluices in the main 
pipe 69 arranged as to deliver the water without pressure. Mahaluxmer, 
Malabar Hill, and Walkeshwar were to be supplied on the “ intermittent 
system” during the night. 


* This subject is fully treated of in No, LXVITI., Professional Papers on Indian Engincering, 
Second Scries, by the present writer, 

+ It is fortunate that this plan was not carried out, for it is perfectly certain that a filter con- 
structed on these principles would have stopped working in a very short time from the pores of the 
stone becoming choked up. Every one who has used aelf-filtering goglets made of porous atone, 
knows how admirably they answer at firet, but how soon they lose all power to filter the water. 
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The cost of the works was estimated as follows :— 


Dams and Waste Weir, veg oat sy sos see an 
Catchwater channel for extending the arca of the gathering 

ground, ee wits eee ee vee ves seis 5,000 
Filters and othar Works at Reservoir, = ee wa 4.302 
Main Pipe, as see oes ies ses vos ee 159,820 
Town and Village distribution, ove ne Ce 9: 


234 206 
Contingencies at 5 per cent., ave 11,710 
Total, woe 2IHOLG 


0 ey eres 


After Mr. Conyheare’s project had been prepared, it was submitted to 
Captain (now Major) Crawford, and he, on the 20th April, 1855, gave 
his gencral approval to the proposed works. Mr. Conybeare was then 
despatched by the Government, to England, where the design for the 
Outlet Works were altered, and some modifications, were made in the 
plans. The pipes were selected, and sent out under his directions. He 
never returned to India again. The contract was drawn out in England 
by the THon’ble the Court of Directors, and was given by them to Messes. 
Bray, Son, and Champney, of Leeds. Mr. Walker was appointed Resi- 
dent Engineer, and Mr. Conybeare was made the referee for all disputes 
between the Government and the Contractors. 

We now pass from the region of discussion to that of action. The 
Vehar project from an idea grows into a fact. It is necessary that I 
should describe the works as they were carried out. 

The Vehar Lake, wde Plates XVIIL. and NX., covering an area of 
about 1,400 acres, and with a gathering ground, exclusive of the area of 
the water surface, of about 2,550 acres, is formed hy three dams. Two 
of these were reudered necessary to prevent the water escaping over 
ridges on the margin of the basin, which were lower in level than 
the top of the main dam. The quantity of water supplied yearly by 
the reservoir falls considerably short of Mr. Conybcare’s estimates,* and 


* No blame should be attached to Mr. Conyheare for this. Tho yearly rain-fall at Vehar was 
unknown, and all he could do was to approximate to it from the only data at hand—viz., the rain- 
fall at Bombay and that at Tannah. It is remarkable that although most people would have 
argued as Mr. Conybeare did, and concluded {hat the rain-fall on a height like the Vehar Valley 
would have exceeded that at Tannah, still this is not the case. Mr. Conybeare, although of the 
above opinion, yet, to be on the safe side, took, as already mentioned, 100 inches as the uverage 
rain-fall at Vehar, 124 inches being that at Tannah. Even this moderate quantity is prohably 
above the actual onco—90 inches as well as I can make it out from the records. The records, though, 
are unreliable. 
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may be taken at about 8,000,000 gallons a day, or at the rate of nearly 
ten gallons per diem per head of the present population. The level of the 
surface of the water when the lake is full—z. e., the level of the top of the 
waste weir, is 262°50 on Town Hall Datum, and the average depth to 
which the surface sinks yearly is about 114 feet or down to 251:00. The 
surface has sunk as little as 9 feet, as in 1868, and as much as 12 feet 9 
inches, as in 1867. Last year (1871) there was a failure of the monsoon, 
and the consequence was that the level of the water fell in December to 
248-50 on datum, six feet lower than it has ever been in that month. 

The arrangements for drawing off the water admit of this being done 
down to a depth of 59 feet, or to 203°50 on datum.* The total quantity 
of water contained between the level of the surface of the lake when full, 
and the lowest level at which the water can be drawn off, may be taken in 
round numbers at 10,650,000,000 gallons, and, as about 3,000,000,000 
are used in the year, the quantity that would remain for use in the lake, 
supposing a failure of the monsoon, would, at the present rate of delivery, 
and allowing for evaporation, soakage, &c., be equivalent to about a two 
years’ supply. 

All the Vehar dams are made of earth, and in form they are similar to 
those ordinarily built in England, vide Plates XXI. and XXII. They 
have an exterior slope of 24 to 1, and an interior slope of 8to1. The main 
dam, with a width at top of 24 feet, has a puddle wall along the middle. 
The other two dams were built without puddle wallst. The surfaces of 


* It is difficult to say at what level exactly the mouth of the present inlet pipe is, but T take it to 
be at 31°67 on Puspolee Datum or 203°50 on Town Hall Datum. I come to this conclusion thus :— 

There is a letter on record written by Mr. Mylott, the Resident Engineer's Assistant, who was of 
the spot, and who says in it that the water at 3 o’clock P.M., on the 24th June, 1857, was “ six in- 
ches over the 32 feet contour (Puspolee Datum), thereby flowing 10 inches over the top of the lower 
inlet.”’ Ten inches, or 83 of a foot deducted from 82 feet 6 inches gives us 31°67 as the level of 
the inlet on Puspolec Datum. Now the waste weir I have ascertained by careful levels to be 262°50 
on Town Hall Datum, and when the lake ie full, the gauge fixed to the tower shows that there is 
59 feet of water above the mouth of theinlet. The mouth of the inlet therefore must be (263°50 — 
$9) 203°560 on Town Yall] Datum. 

I should add that if, as I think, the inlet is 31°67 feet on Puspolee Datum, and the waste weir je 
59 feet above it, the waste weir must be at 90 67 on Puspolee Dalum. All the working drawings 
ahow the waste weir at 90-00 on Puspolee Datum. I believe, therefore, that the weir was built about 
eight inches higher than was intended. I prefer to go by the emphatically distinct statement in 
Mr. Mylott’s letter, than by werking drawings, which, even if drawn correctly, might not have been - 
wigidly adhered to. 

t It is in consequence ef this chiefly, I suspect, that the repairs done to these dams in 1871 were 
required. In the working drawings, puddle walls are shown in No. 2 and No. 3 Dams, but I have 
the best reasons for doubting whether what appears as puddle in them was so: Vide my “ Report 
on the Vehar Lake Dams.’’—Professional Papers on Indian Engineering, Second Series, No. XXY,, 
Vol. L, page 259. 
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all the dams are pitched with stone. No.2 Dam has a top width of 20 
feet, and No. 3 Dam had the same width when constructed. But in con- 
sequence of the repairs carried out in 1871 to stop the leaks discovered 
in this work, the form of No. 8 Dam has been altogether changed, as 
will be seen by reference to Plate XXII.* 

The following is a Table of the quantities of the different kinds of work 
in the three dams, as calculated by Mr. Conybeare :—f 


Extreme Tota] | Broken Rough 
Dams. Teen. length at a Puddle, | Earthwork ne stone 
the top. & puddle. pitching. pitching. 


fect. | fect. | c.feet. | cfeet- | c.feet. | o. fect, | 8. fect 
No, 1, .. «| 8£ | 835 | 255,706 | 30,910 | 286,616 | 997 | 26,993 
» 2, « oe | 42 | 555 | 43,617] 10,832 | 53,949] 327 | 8897 
» 8, ee oe | 49 | 986 | 106,743 | 14,717 /121460 | 659 | 17,797 





Total, ves vee ee =| £06,066 | 55,959 | 462,025 | 1,983 53,617 








The arrangements for drawing off the water from the lake, are as fol- 
lows} :—The water is first strained through sheets of extremely fine copper 
gauze fixed to cages placed over the mouths of large pipes which pass into 
a masonry tower. In the bottom of this tower is fixed the mouth of the 
outlet pipe (41 inches in diameter) which passes under the dam, and con- 
ducts the water to Bombay. Two strainers are ordinarily sufficient to 
supply the tower with water as fast as it is drawn off by the outlet pipe 
and, as the purity of the water in the lake is in proportion to its nearness 
to the surface, the upper pipes are those always in use, the lower ones 
being kept closed with iron plugs.§ 


* In the working drawings, the main dam is shown as completed to about eleven feet, while it 
now stands about six and a half in the middle, and seven fect on the sides, above the weir. If the 
drawings are reliable, it follows that the dam has settled down from 4 to 4g feet. I can give no in- 
formation regarding Nos. 2 and 3 Dams, as these works have undergone repairs, and it is impossi- 
ble now to say what their heights previous to the repairs were. 

+ Vide his paper on the “* Bombay Water Works,’’ Vol. XVII., Proceedings of the Institution of 
Civil Engineers. 

t Vide Plate XVIII. of Vol.I., Professional Papers on Indian Engineering, Second Series, No. 
XXV. 

§ In 1865 the lowest inlet was kept open. The water from the bottom of the lake proved to be of 
a reddish brown color, and great complaints were made of its unwholesomeness. Some time after 
its delivery in the town, cholera broke out in various parts, and when the cause was suspected, and 
the lower inlet closed, the epidemic at once disappeared. 

Those who were in Bombay in April and May, 1871, will remember a sudden discloration to a dirty 
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The outlet pipe (13 inches thick) under the embankment rests on 
firm foundation of rock or masonry, but, over it, I am told, there is only 
puddle, On issuing from the dam it bifurcates into two branches, each 
82 inches in diameter, and on each branch is a sluice worked by a capstan 
arrangement, One branch goes on to Bombay, while the other stops 
with an open mouth about 200 yards from the sluice. The latter was 
intended for another main, when it became necessary to extend the water 
works.* 

The line of pipes to the town is 14 miles long, and, excepting where it 
crosses streanis, is placed under ground a few feet from the surface. The 
action of the earth on the metal tends to corrode the pipes very much. 
Layers of the oxide of iron three-cighths of an inch thick may often be 
removed from the surface.t The pipes are each 12 feet long, of the 


brown tint of the Vehar water supplied to the town in those months. As the Department was en- 
gaged at the time in repuiring some of the strainers, ] was under the impression that the discolora- 
tion arose from unstrained water passing through the upper pipes; but, as the discoloration 
continued even after the repaired strainers had been put down again, I was quite at a loss to account 
for the fact. Remembering, howeyer, what took place before, it occurred to me that water was pro- 
bably being drawn off from too low a level. On inquiry, I found that three inlets were open. I 
closed the mouth of the lowest one, and, in a few hours, the wuter in the town resumed its usual 
transparency. It is quite clear, therefore, that the lower the water from the surface of the lake, the 
more impure it is, and that, for the proper supply of the town, the water near tle surface only should 
be used. 

It will be seen further on (page 188) that this statement is contradicted by my friend Dr. Lyon’s 
analysis, I believe, however, that he is not himsolf satisfied that an ana'ysis of the water taken in 
the dry months would be the same in character, as that which he bas made of the water in the mon- 
goon. 

* The present sense of the Bombay community seems to be that the town should not be dependent 
on the Vchar Jake alone for its eupply, so that this branch line will probably never be laid down. 
It would be useless to do so without bringing more water into the lake from the Toolsee gathering 
ground, as the quantity of water now used yearly in Bombay is almost exactly that which the present 
gathering ground affords. The lake has overflowed only three times in thirteen years —twice to an 
insignificant--but once (1861) to a considerable extent. This overflow, though, was due to the fact 
that the distributory system in the town was at that time incomplete, and that much lcas water than 
the present quantity was being drawn off. Practically, all the water that bas ever fallen on the 
gathering ground has been collected, The idea which has been put forward from time to time in the 
local newspapers, that more water might be obtained by a better syatem of distribution, is not 
correct. As all the rain which falls on the gathering ground is collected, and as, practically, none 
groes to Wuste over Lhe weir, we Inust be using all we gather. 1f we were not, the surface of the lake 
would steadily rise year after year. Rut it does not. On the contrary, it keeps at one average level, 
or, if anything, it hus a tendency to fall. At this present moment (April 1872), it is lower than it 
has ever been in this month since the construction of the lake. 

¢ Occasionally, pipes are taken up in the tewn reduced to a state of graphite. The iron can be 
cut like the softest lead pencil with an ordinary penknife, This state of things is no doubt due to 
the action of saline matter on the metrl. Some of the soils about Bombay are impregnated with 
galt. This is one among other reasons why I advocate that all pipes should in India be placed above 
ground. In England it cannot be donc on account of the frost, If thie difficulty could be got over 
there by jacketing the pipes, J am certain it would result not only in their better preservation, but in 
an enormous saving of water, All leaks would be immediately discovered, and could therefore, be at 


once stopped, 


| 
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spigot and faucet kind, and the joints are run in with lead. The thick- 
ness of the iron was intended to be from one to one and one-eighth of an 
inch, but there are many pipes not even three-quarters of an inch thick. 
The consequence is that we have numerous bursts of the main, when the 
town has sometimes to go without water for hours together.* 

The greatest theoretic pressure of the water in the mains is about 
180 feet, but the pressure actually registered varics between fifty and a 
hundred and forty feet. The “pull” begins at 4 o’clock in the morning 
with about 250,000 gallons per hour, and the consumption steadily in- 
creases till at 6 o’clock it attains a little over 400,000 gallons an hour. 
Up to about half-past ten there is no great variation, but about this time 
the consumption imperceptibly declines to a little under the above quan- 
tity. About 4 p.m. it begins again to increase, but very slightly, till 
half-past five, from which hour it declines steadily up to midnight, when 
only about 240,000 gallons an hour are used, and this rate of consumption 
continues till four in the morning. To put it in other words, the con- 
sumption begins at 4 a.m., reachgs its maximum at six, continues at its 
maximum all day long, begins to decline at six in the evening, reaches 
its lowest at midnight, and continues ‘at its lowest till four again the 
next morning. 

The accompanying plans, vide Plates XXIII. and XXIV., show the 
arrangements of distribution in the island. During the day no valves 
are closed. The entire system of pipes throughout the island is open to 
the flow of the water, but the practical effect of this is, that those parts 
of the town close to the mains and lying at a low level, monopolize the 
supply. In order to render the distribution fair, certain valves are 
closed at night, so that the districts far from the mains and situated 
at a high level may obtain their supply. This plan leads to great 
waste. Cocks are kept open all night, and thousands of gallons are 
lost to the public. 

Originally the Vehar water was exceedingly pure, but I believe it has, 
during the last few years, deteriorated to some extent. Even now, 
however, I donbt whether there are many towns in England which can 


* Some of the pipes were shockingly badly cast. There {is part of onc inthe Munioipal Office, not 
more than abgut th of an inch thick, and with a large hole in it through which for years a great 
quantity of water must have leaked. It was situated close to a sewer, so that the water escaped into 
the latter, and did not make its appearance as it usually does on the surface of the road. 
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boast a purer supply. The cause of deterioration is the great increase | 


Fig. 1. of vegetable matter in the lake, which is 
filled with myriads of, plants of a low form 
of aquatic life, probably of the Protococ- 
cus class, one of the Confervoid Alga. 
Tt does not merely float on the surface, 
but apparently thrives at all depths, and 





sometimes as small as the point, and sel- 


Protococcus magnified 350 aia- dom larger than the head of a good sized 
meters, from asketch by Dr. Gray, 8 
of the Bombay Mcdical Service. pin. 


® From my own observations, I am led to believe, that unless some steps are taken to destroy these . 


planta, they will go on increasing to such an extent, o8 will at last render our water-supply compa- 
ratively impure. To what cause they are duc it is.perbaps impossible to say. I cannot help thinking 


however that it may bo necessary in a hot climate like India, where the generation and increase of. 


alt forms of life are'so rapid, to empty our reservoirs at times. Thijs appears ito me the most effectual 
why of destroying the vegetation which poisons the water. Under present circumstances we could 
not empty the Vehar Lake, but this might be done if we constructed another reservoir. 

It is remarkable that for some months before the monsoon, and until it seta in, the water in the 
lake is almost discolored by these sporuler, but immediately the monsoon breaks, they disappear as 
if by.the wand of the magician. In August 1871, I had difficulty in procuring even the few speci- 
mens from which the accompanying sketch was drawn. The obvious inference, of course, is that 
the infiux of the fresh water destroys the sporules, but why so small o quantity of rain should pro- 
duce such an effect it is impossible for me to say. 


it consists of a minute sporule which is 


Regarding. the deterioration of the water in the Lake, I should mntion that the subject has occu- - 
pied the attention of the Executive for some time past, Dr. Blaney, than whom no one in Bombay |, 


takes a deeper interest in the sanitary welfare of the town, and to whose intelligent exertions and 
disinterestcdncss the town owes s0 much, made what might have proved a valuable suggestion some 
time ago, but 1 regret to add that there is little hope of any success following, its adoption. Doctor 
Blancy recommended that the plant ‘*‘ Anacharis Alsinastrum”’ should be introduced into the lake, 
The matter was referred home by us for any information that could be obtained regarding the effects 
produced by this plant on impure water. The London Water Companies, not being advocates for the 
employment of the plant, one of the very highest authorities in England was consulted on the subs 
ject. The following is Dr. Frankland’s opinioni— . 


“In reply to your inquiries I have to say that, in my opinion, no beneficial vowths would ensue . 


from the introduction of ‘ Anacharis’ or any other plant into the Reservoir or Lake. Living plants 


are of great use in ameliorating very foul waters, such as sewage, but they have very little effect ups . 


on moderately impure water like that contained in the Lake in question ; moreover the continual de- 
cay of the older portions of the plant would necessitate the frequent cleaning:of the reservoir, other- 
wise the quality of the water would become scriously deteriorated. Filtration through sand (5 or 6 


foet thick if possible) is the most efficient means of purification of all foul water, on a large scale, . 


hitherto diecovered. It is desirable, however, that the-filters should be allowed. to run dry at least 
once a week, £0 as to allow the pores of the sand to become filled with.air. Thus filtered and after- 


wards kept in covered reservoirs, the water of the Vehar Lake could not fail to be rendered good and 


palatable. I have read the memorandum by the Army Sanitary Commission, which was enclosed, 
and I entirely concur in the four recommendations of the Commissioners.”—Angust 10th, 1871. 


And again ‘= 


“T have carefully perused the copy of Dr. Thomas Blaney’s letter which you forwarfed t tome, and . 


whilst I agree with the writer that plant life tends to purify water, so long as the plants and their, 
leaves are alive aud healthy, yet when the plants or theix Jeayes die and decay, a serious pollution of 
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_ Appearance of one of the sporules under a microscope, 
magnifying 250 diameters, from a sketch made by myself. 

In order to convey clearly to the reader the actual size 
of the sporule examincd in the last ease, I say, it was about 
half the size of one of the minute dots in Fig. 2. 

<a | 
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Every now and then 
the water delivered 
through some parti- 
cular pipe beeomes cx- 
ceedingly fon}, and, 
when this is the case, 
the cause gencrally 
turns out to be some 
dead animal matter in 
the pipe. ‘Fishes and 
ecls often pass into 
the pipes, and, dying 
there, poison the 
supply. Whether 


‘they escape in fhe 


form of spawn through 


“the strainers, and sub- 


sequently develop to 
full size in the distri- 


puting pipes, or whether they escape after development in the lake 
through crevices in the tower, I cannot say, but at times they are found of 


a great size.* 


the surrounding medium takes place, and the balance of effect produced ia deterioration of the water 
unless the lattér be originally excessively polluted. Moreover the Anacharis grows so luxuriantly and 
spreads from canal to canal with such rapidity as to become a serious nuisance and a source of con- 
siderable expense in the keeping open of canals and water-courses. Jt# introduction into India would 
consequently be a matter for grdve consideration. Since its introduction into this country, I have 
never heard of dny beneficial effect which it has produced ; én the other hand, the inconveniences 


which it causes are constantly being complained of. 


“I do not therefore find anything in Dr Blaney’s letter which would cause me to modify the 


opinion I have expressed in my former letter.”—October, 10th, 1871. 


‘ I should mention here that the difficulty of a saiid filter, as recommended by Dr. Frankland, is, that 
in our case it entails a loss of préssure in the ‘pipes, consequently a smaller delivery of water in the 
town. If the Bench were’ prepared to go'to the expense of pumping the water onto a sand filter 
above the level of the Lake, to which there is no engincering objection, as the filter could be'eartily 
constructed, the water would be rendered pure with no deficiency in the supply. ‘Or if the town 
were willing to do without filtered water in the event of a failure of the monsoon, them the filter 
might be put just below the level to which one year’s consumption reduces the surfaces of the Lake. 
The loss of head of about fifteen fect would not entail a great reduction in the quantity of water 
delivered in the town, and practically, except for one year in ton or twenty, all the water used by 


the inhabitants would be filtered. ! 


* Fishes have been found 4 feet long, and 12 inches round the body. Only the other day a dead 
eel was taken out of a pipe 4 fect 8 inches long, and 12 inches in girth. ‘ 
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The following is an analysis of the Vehar water.* As the subject of 
its impurity below the surface has attracted much attention, the analysis 
is of samples taken at four different levels—at the surface, and at fifteen, 
thirty, and forty-five feet below the surface.t The water might fall to 
the fifteen feet level in the month of May or June after a total failure of 
the monsoon in the previous year, but could not sink to the thirty feet 
level except after two consecutive failures of the monsoon. 


“ Results of the Analysis of four Samples of Vehar Water drawn 80th 
July, 1871. 


A from the surface of the lake. 
B from a depth of 15 feet from the surface of the water. 








C 9 9 30 ” ? 7 
D 99 23 45 99 99 $9 
la}s]e|» 
Total solid matter ... eee = wee Grains per gallon, 5°46 [5:74 | 6-44 | 7-18 
Loss on ignition... we ee i ‘i “42 "28 ‘49 42 
Chlorine, vee rr) eee ” ” "89 19 “79 1°09 
Hardness before boiling acs oes ” 3 665 |7:00 | 6°30 | 665 
» after coe oe 5°60) 1 560 1 5 GO | 5°60 
Ammonia in distillate from carbonate of soda, ...| 0046) 0042 0045 
eS “i » alkaline permanganate, ...| ‘O210) :0245) -0231, -0248 
» nitrates and nitrites, pus ‘O0126] -0210) 0126) :0126 
Total oxygen required by the water at about 140° F. in 


presence of acid, ons eos es noe e.{ 0210) °0850) -0350; °0490 


“ Sediment of much the same character in all four specimens—light 
brown in color and flocculent ; consists chiefly of vegetable débris, conferve, 
a few parameria and altenophyrina also present. In no one of the four 
samples was the sediment abundant, but its quantity was sensibly greater 
in the samples drawn from the lower portions of the Lake. 

“ T think the above results show that the water of the Lake is of nearly 
uniform quality down to a depth of 45 feet below the surface. The only 
important departures from uniformity are—1st, that the amount of oxygen 
required by the water increases with the depth; and 2nd, that the amount 


* It has been made for me as a personal favor by my friend Dr. Lyon, and because I could not 
obtain the information elsewhere. Those who attach importance to the good quality of our water 
(and who docs not) as one of the great agents, if not the principal one of all, in maintaining the 
health of the inhabitants, and thus keeping down the death rate, will no doubt appreciate the value 
of this analysis, ag it deserves to be appreciated. 

t The surface of the lake when the water was taken from it for analyzis, stood at twelve feet below 
high-water mark—#. ¢., at 380°50 on Town Hall Datum. 
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of suspended matter (as noticed chiefly by vegetable débris) also increases 
with the depth. 

“This is more than what one would expect from the conditions to 
which water stored in a large open reservoir like the Vehar Lake is 
subject. The first departure from uniformity of composition will remedy 
itself, for as the surface water is drawn away, the water below will be- 
come exposed to the action of the oxygen of the air, and the dissolved 
organic matters will become more fully oxidized by its influence. No 
apprehension need therefore be entertained on this score. The second 
point of difference between the deep and the surface water may possibly 
necessitate the adoption of some method of mechanical straining, should 
it ever become necessary to supply Bombay with water from what are now 
the lower depths of the lake. If this were done, or if the water supplied 
were filtered by the consumer (say through sand or sand charcoal), there 
need be no fear of inferior quality, at any rate down to a depth of 45 feet 
below the surface of the water as it stood on the 30th July, 1871.* 

« As the health of Bombay so greatly depends on the purity of the Vehar 
water, it would be interesting to repeat experiments, similar to those of 
which the results are stated above, at some time during the hot weather, 
t. €., before the lake has become disturbed by the influence of the mon- 
soon.’ t ) 

It is impossible to gainsay the beneficial results to the town which 
have followed the introduction of Vehar water.[ The best proof, per- 
haps, of its superiority to all other sources of supply in the island, such 
as tanks and wells, lics in the fact that, although the strongest prejudices 
existed in the native mind against its use, these prejudices have now all 
disappeared, and the native who cannot obtain Vehar water considers he 
has a just complaint against the Municipality. 

Much has been said and written of the manner in which the works 
were carried out, but it is not my intention to enter on this subject, as no 
practical good could come of it now. 


* This would be down to the level of 57°5 fect below the surface of the lake when quite full. As 
this is only 18 inches above the mouth of the lowest inlet, it follows that, practically, all the water 
which can by present arrangements be drawn off, would be fit for use. 

+ There is no doubt about the wisdom of this suggestion, for, as 1 have already pointed out in 
note on page 186, a most marked change comes over the Jake shortly after the monsoon sets in. 

t No one perhaps is more competent to speak on this subject than Dr. Blaney, who has resided in 
Bombay for more than thirty years—who must remember the state of the town under its old and 
primitive system of water-supply—and who knows so well its present condition. 


196 HISTORY OF THE WATER-SUPPLY OF BOMBAY. 


It is. sufficient for me to state that the cost.of the Vehar Works, instead 
of being, as originally estimated, twenty-five lakhs of rupees, amounted 
with interest to the large sum of sixty-five and a-half lakhs of rupees. 

Let it be remembered too that three-fifths (fifteen lakhs of rupees) of 
the original estimate was for a main of forty-one inches, and that the 
main laid down was thirty-two inches only in diameter. In spite of the 
reduction, therefore, which ought to have taken place in, the largest item 
of the estimate, the works cost more than two and a-half times the 
original amount. 

The Vehar project was commenced by: the Government in the latter 
end of 1856—the main dam was completed in May, and the other two 
dams in August, 1858; by October, 1859, the lake was filled up to about 
9 feet from the top of the waste weir—the delivery of water in the town 
commenced in March, 1860; by September the Jake had risen to a point 
5 feet higher than that which it had reached the previous year, and in 
July, 1861, it was, quite full, and the water running over the weir. Since 
then it has continued to fall every season after the monsoon, reaching its 
lowest level ahout June or July, when it has continued to rise again, 
reaching its highest level sometimes as carly as August, sometimes as late 
as October, but generally in September. 

In order now to explain how the Municipality hecame connected with 
the Water Works, and its position with regard to the Government, J mpst 
break the thread of my narrative, and return to the year when the works 
at the Lake were nearly completed. | 

As the project was undertaken by the Government for the town, the 
Government of course looked to the town to reimburse them not only for 
the cost of the works, but for their yearly maintenance., In July, 1858, 
a new Act, known as “The Bombay Municipal Act,” was passed, and in 
it the following Section* regarding the Water Works is found: — 

‘The Commissioners shall pay to the Governor in Council out of the 
Municipal Fund, an annual sum not less than one hundred and seventy- 
five thousand rupees, on account of the expense which hag been or may be 
incurred by Government in the construction of the works called the Vehar 
Water Works; and such annual payment shall continue to be made until 
the whole of the expense so incurred (except such portion thereof, if any, 


as shall be defrayed by Government out of the public revenue), with inter- 
* No. XXX of the Act. 
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est thereon at the rate of four per centum per annum, shall have been 
paid. The Commissioners shall also pay to the Governor in Council in 
each year, such further sum as shall be equal to = cost of the main- 
tenance of the said works during the preceding year.” 

Up to 1863, while the town paid the expenses of maintenance, the 
works remained under the control and management of the Gov ernment, 
but in that year it was determined to transfer them to the town. A new 
Act, called “The Vehar Water Works Act,” was passed, and in this, 
under certain pecuniary and other conditions, the Government yielded all 
their rights to the Municipality. It is most important that the Justices 
should know exactly in what position they are with reference to the Govern- 
ment in this matter. Withont following the clauses in the order in which 
they are placed in the Act, the following summary will give a general idea 
of the scope of the Act, and of the existing relations between the Govern- 
ment and the Municipality. 

It is forbidden to build or carry on any trade, manufacture, or agricul- 
ture within the watershed of the lake. All the works, including all the 
movable and immovable property, and all the public tanks and wells in the 
town, are vested fora term of ninety-nine years in the Municipality, which 
has power tu alter, repair, or improve the works, or to enter any land or 
property for these purposes. Subject to the approval of the Government, 
the Municipality can levy rates and supply water to the town on such 
terms as it chooses. On the other hand, the Municipality is bound to 
keep a proper system of accounts, and to furnish an annual statement of 
the same for publication in the Government Gazette. It is also bound to 
maintain the works in proper order, and, if it fails to do so, the Govern- 
ment have power not only to supersede it by appointing others to the 
charge of the works, but to execute the repairs themselves under their 
own control, and at the cost of the Municipality. The surplus funds may, 
with the approval of Government, be expended in improving the works, 
and, when these funds exceed in a single year the sum of fifty thonsand 
rupees, the Municipality may, but again only with the consent of the 
Government, alter the water rates. Ifthe Municipality declines to do so, 
the Government can fix such rates as they choose, and these become 
binding on the town. 

The pecuniary obligations attached to the transfer of the property were 
these. The Municipality was to be considered 'as a debtor to the Govern- 
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ment, to the extent of a sum of money equivalent to twenty-five lakhs of 
rupees in addition to half the cost of the works above this sum. As, at 
the time of passing the Act, the works had cost with interest about sixty- 
five and a-half lakhs of rupees, half the excess over the twenty-five was 
about twenty and a quarter lakhs, so that the total debt in 1863 was re- 
presented by forty-five and a quarter lakhs, less the payments which had 
been made by the Municipality up to that time. As these amounted to 
about seven and three-quarter lakhs, the actual total debt in 1863 was 
thirty-seven and a half lakhs of rupees. The Act, however, put it at 

Rs, 37,30,058. To liquidate this, the Municipality is bound to pay the 

Government every year the sum of one hundred and seventy-five thousand 

rupees, until the entire debt is expunged, when the works will, for the 

remainder of the lease, belong to the town. If on the 1st of July in any 

year there is a failure of payment, the Government, after giving two 

months’ notice thereof, can seize the water works, and manage the pro- 

perty themselves. | 

The following is a condensed statement of the Vehar debt from the 
commencement, and made up to the Ist January, 1872 :— 


RS, A. Pp, 


Amount disbursed in England for stores and other 

charges, .. o ais a “a o> - 17,78,816 15 6 
Amount disbursed in Bombay, ve -»  988,47,642 11 10 
Simple Interest on do, at 4 per cent from the dif- 

ferent dates of payment, .. ee oe ee 9,468,829 11 7 


Total charges, .. e» 65,84,789 6 11 
Deduct Refund, sale proceeds of stores, &c., os 40,902 7 5 








Actual cost of works, .. e» 65,483,886 15 6 

Deduct amount of original Estimate, oe e»  25,00,000 0 0 
Total, .. «» 40,483,886 15 6 

ny eee 
Moicty of the above excess, ee gs eo» 20,21,943 7 9 
Add amount of original Estimate, .. oe e»  25,00,000 0 0 


Cee T 


Total, .. es 45,21,943 7 9 
Deduct payments made up to 30th June, 1868, .. 7,71,488 5 8 


Total, .. «+ 87,50,505 2 1 
Deduct amount struck out in adjusting the charges 
against the Municipality to accord with that spe- 
cified in Act II. of 1865,.. es oe 20,452 2 1 


Total Vehar Debt on Ist July, 1868, .. 37,380,053 0 0 
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Carried forward, ae ae -.  987,80,053 0 0* 
Add accumulation of interest up to 1st January, 
1865, with amounts disbursed by Government, 
less Instalments paid up to this date, .. ss 1,385,727 2 4 








Total, -. .. 38,65,780 2 4 
Deduct Instalments paid between Ist January, 
1865, and 3lst December, 1871, less interest up 
to the latter date, .. ee oe oe ee 1,29,292 2 4 
Total Vehar Debt on 3]st December, 1871, .. 37,86,488 0 0 
To ascertain what the debt should have been with which the Municipa- 
lity ought to have started, we must bear in mind that the actual cost of 
the works, without interest, was 56 lakhs of rupees. A moiety of the cost 
above 25 lakhs is 154 lakhs. If to this we add 25 lakhs, the amount of 
the original estimate, the total debt at starting ought to have been about 
404 lakhs. The excess over this in the above statement is caused by the 

- addition of interest. Comparing the original debt with our present lia- 
bilities, it will be seen that we are-‘not very far off from the position we 
originally occupied. I will now show when our liabilities will cease. 

As the interest on the debt demanded by the Government is four per 
cent., it follows that out of the Rs. 1,75,000, Rs. 1,50,000 go yearly 
towards defraying this charge, and consequently Rs. 25,000 only go to- 
wards the reduction of the principal. The Bench, therefore, are reducing 
the debt at this present moment by Rs. 25,000 yearly, plus the interest 
on this sum, or altogether by Rs. 26,000. As the principal and the in- 
terest decrease, so ‘the rate of reduction of the debt increases, and, if the 

-payments are continued as at present—viz., monthly—the debt will be 
expunged about the year 1920. 

“ There is a general feeling among all classes that the Municipality has 
been hardly dealt with by the Government, and is made to pay more than 
it should be legitimately called upon to do. In fact, ever since the deli- 
very of the water in the town, the sick man has not only revived, but has 
begun to grumble at the doctor's bill. At first he expressed his feelings 
in mere mutterings, but of late he has denounced what he considers the 
imposition of the Government in very strong language.* His idea is 
not only that he has to discharge a heavy bill, but that the works, with 
the carrying out of which he had nothing to do, are in such an insecure 


* Vide the Proceedings of the Bench in 1869, 1870 and 1871. 
VOL. II.—~-SECOND SERIES, 2H 
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state, as to render the further expenditure of money imperative on hint. 
I, too, was at one time under the impression that the Government had 
not acted with fair consideration for the interests of the town, but I am 
bound to admit that a careful study of both sides of the question has con- 
vinced me there is no reasonable cause of complaint on the part of the 
Bench. In order to prove the case, it is enough to ask the simple ques- 
tion, “ What is it that the Municipality complain of 2?” Is it of being 
saddled with the Vehar debt; and if so, are they willing to hand over this 
to the Government, along with the revenne derived from the Water Works ? 
If they are, I must be candid, and say plainly that they are contemplating 
a very foolish thing, and I will prove why it is so. 

The Vehar debt is abo&t Rs. 87,50,000. The annual revenue derived 

from the works now is Rs. 3,80,000. Of this latter sum Rs. 50,000 go 
towards maintenance and extensions, and there is consequently a balance 
of Rs. 3,30,000 left to the Municipality. At present they pay the Govern- 
ment Rs. 1,75,000, and pocket the remaining Rs. 1,55,000. Now, if they 
quarrel with the Government, and the Government turn round and say, 
“ Very well; we will relieve you of the Vehar debt and also of the 
revenue,” what will be the state of things? Simply this, that the 
Government will obtain Rs. 3,30,000 yearly to repay themselves for the 
Rs. 37,50,000. In other words, they will be in the position of a company 
obtaining nearly nine per cent. on their speculation. Surely it is more 
sensible for the Municipality to pay the Government Rs. 1,75,000 (say 
five per cent.), and to secure the remaining Rs. 1,55,000 (about four per 
cent.) for themselves. 

My advice to the Bench, therefore, is to let well alone—to accept the 
debt, and to raise the revenue in every legitimate way, applying all sur- 
plus above the cost of maintenance towards new works, which, indeed, 
are urgently needed. 

On one point only do I think the Bench may fairly ask for a remission 
of the terms from the Government. According to the Act, and even 
if the entire debt is discharged, the Vehar works revert to the Govern- 
ment after ninety-nine years. It is, perhaps, not likely that the Govern- 
ment would really claim them, but still the power to do so should not be 
left to them. The Bench should urge that if the debt is repaid, the works 
shall become their own absolute property. 

The insecurity of the Vehar Dams, the dependence of the town for its 
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supply of water on the durability and strength of the single line of pipes 
under No. 1 Dam, and the impossibility of repairing this pipe if it should 
give way (as it must ultimately in the course of nature, and may at any 
moment), have all contributed to render the public dissatisfied with the 
existing state of things, and have determined them to rectify it by ob- 
taining a further supply of water from some other source.* 


* “ A time must come when the 41-inch fron main running through it (No. 1 Dam) must be worn 
away. No. arrangements were made in the construction of the dam to enable the Engineer to put 
down another main when this one became useless. Should a leak ever occur in this main under No. 1 
Dan, it will be a most serious matter for the town, ahd the very worst consequences may be expected. 

** The pipe lies about seventy fect from the top of the Dam, and there is a pressure of from 65 to 
50 feet of water on it, dependent on the lake being full or otherwise. Suppose there is a burst in the 
main (and this supposition is no extraordinary one), watcr wil} issue from the pipe with a pressure 
of say 25 ths. on the square inch. What the effect of a stream passing with a velocity due to this 
pressure will be on the surrounding earth it is hardly necessary for me to explain. Material must be 
washed out frou: the dam by the water in its outward course, and after this has continued for a short 
time, the stability of the work must be destroyed. To repair a leak of this nature in the manner 
which I have adopted to render Nos. 2 and 3 Dame secure (that is, by dropping a vertical puddle wall 
down into the natural soil through the exterior slope of the dam) will be not only attended with 
great risk, but impossible, unless the supply to the town is stopped for several consecutive weeks. 
This fact, therefore, must he looked in the face—viz , that a time must come, sconer or later, when 
from the pipe under the embankment being worn away (as all iron ultimately wears away), and 
from there being no means of substituting another pipe in its stead, the inhabitants of Bombay, 
unless they furnish themselves with some other suurce of supply, will have to pass through a water 
famine 

‘““The question is really a very scrious one for the community. The arrangements for drawing 
water from the Vehar Lake are most imperfect. The masonry of the tower leaks so badly, that I am 
told an attempt which was once made to examine the mouth of the outlet pipe at the bottom, nearly 
resulted in the death of the diver, who was almost forced into the pipe by the quantity of water fall_ 
ing on him from above. It will thus be seen that to close the mouths ot the strainers, does not render 
the tower dry. It follows, therefore, that if a pipe bursts under the embankment, it will be impos- 
sible to discover the point of fracture by sending a man down the tower. The only thing to be done 
in this case will be to block up the moath of the outlet pipe, so as to prevent any water entering it- 
Even this may be attended with difficnity, but if it issucces+ful, the next thing will be to send a man 
into the pipe through the sluice valve at the outer foot of the embankment. 1f u rea) fracture of the 
pipe has taken place, it will not perhaps be difficult for a man to discover its position, but if the leak 
were duc to an imperfect joint, no examination of the pipes from the inside could enable a man to 
discover ite locality. 

** Under these circumstances, J cannot but draw the attention of the Bench to the riek they are 
running in delaying to construct proper outlet works for the Vebar Lake--works which should 
have no connection with any of the dame, aud be so arranged, that any defective portion may be 
repaired without difficulty or danger. 

“But in either casc, whether the iron is fractured or whether the joints have separated, it will be 
impossible to repair the pipes from the inside. And let the pipes be repnircd in any way whatso- 
ever, the supply to the town must be shut off for weeks.” ‘ Extract from my Report on the Vehar 
Lake Dams ’’ 

“I think the Bench should thank Capt. Tulloch for the very moderate report he has written upon 
the Vehar Dams. There is nothing exaggerated, but on the contrary, I think he has missed one 
point, which is the point we must look at now, I think that during the dry season the puddle dam 
must be completed, but the most difficult thing will be the pipe. Now I will try to explain. I could 
do it better upon a black board, but I will endeavour to do it orally. The danger that there is in 
connection with this pipe is this: that there has been, for several years probably, a leakage through 
the dam at the supply pipe, and it is certain the leakage is not at the top, and it is equally 
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In July 1868, Mr. Russel Aitken, the Executive Engineer to the 
Municipality at that time, in compliance with instructions from Mr, 
Arthur Crawford, the Municipal Commissioner, submitted a “ Report on 
the Extension of the Bombay Water Works.” In this Report he pro- 
posed four different schemes for consideration.* Of the first he wrote :— 

“ The hills on the mainland in the immediate vicinity of the northern 
part of the Island of Salsette do not present any facilities for the con- 
struction of reservoirs, as they either cannot give sufficient supply of 
water, or they are not situated at a sufficient height to allow of the pipe 

having the necessary fall towards the city. 

“ Being unwilling to abandon the search, the survey parties moved up 
the streams until, at last at Shewla, in the talooka of Moorban, or 56 
miles from Bombay, a site for a reservoir was found, which fulfilled all 
the required conditions, wde Plate XXV. 

“Tf the cost of all works for the improvement of the sanitary condi- 
tion of the city is to be defrayed from loans to be raised on Municipal 
revenue, it will be absolutely useless for me to say any mote about a project 
which would be so expensive as the Shewla Scheme. Nevertheless, I 


certain it is at the bottom of the pipe. You cannot have water running even on a hard rock 
without the rock being gradually worn away. And although no perceptible amount of me- 
chanical deposit has been found in the water, there isno doubt in my mind thata small quantity is 
coming through from under the pipe, and that there is a considerable cavity under it. Some time 
or other the pipe must break, and then there will be the whole pressure of the Vehar water scouring 
through the aperture in the carth.”” Mr. Ormiston concluded by recommending the Bench to spare 
no expenee in carrying ont the repairs on the plan Capt. Tulloch had commenced, and to consider 
well the scheme which Capt. Tulloch intended to bring forward for a separate outlet. It might be 
many years before new water works could be ready, and he thought no means should be neglected to 
render secure the present dams at a reasonable expense.” £xtract from Mr. Ormiston’s Speech at the 
Meeting of the Justices on the 12th August, 1871. 


* In order to prevent confusion, I should mention that in his levels of the Vehar Lake, Mr. Aitken 
has an error of nearly 15 feet. The waste weir of the lake is not, as he has it in his plans, 197 feet 
above mean sea Jevel, but 182-20 feet or 262:50 feet on Town Hall Datum. ; 

It ie a great pity Mr. Aitken did not work to the same datum as the rest of the profession in 
Bombay, viz., the Town Hall Datum. He took ashisdatum a point fifty foet below mean sea level, 
But the exact level of mean sea is disputed, and it is most confusing to fix as a datum a point re- 
garding which there is any difference of opinion. The person best capable of speaking on the 
subject is Mr. Ormiston, who has taken a series of tidal observations, and he makes mean sea level 
more than half a foot higher than the point fixed by Mr. Aitken. Mr. Ormiston’s mean sea level is 
80:20 on Town Hall Datum, whilst Mr. Aitken’s is 79°70. My motives in condemning this change of 
datum, againt which Mr. Ormiston has, with his usual judgment, protested, will not be misunder- 
gtood when I add that I myself am to blame in the matter for having in my Drainage Report, 
and in the plans of the Toolsce project adopted Mr. Aitken’s mean sea level datum. My excuse is 
that until Mr. Ormiston expressed to me his objection to the datum in the Toolsee project, I was not 
aware that there was any generally recognised datum. But having helped to add to the confusion, I 
unhesitatingly make my apology to the profession, and I have endeavoured to atone for my fault, 
by reducing the drawings in this report to the now universally accepted Town Hall Datum, 
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consider it my duty to lay the entire project before you, as the natural 
advantages of the Valley are so great, that even if the Municipality can- 
not make any use of the facilities which it presents for impounding water, 
perhaps Government may be able to construct a reservoir for irrigational 
purposes. 

“The total area of the proposed lake with a dam (vide Plate XXVI., 
for information regarding the dam) 96 feet high, or with a depth of water 
90 feet above the bed of the stream, would be not less than 64 square 
miles, or 4,000 acres, whilst it would contain 33,000 million gallons, 

“ The quantity of earthwork, &c., which would be required to construct 
the embankment would be 687,000 cubic yards, or only 30 per cent. more 
than the total amount of earthwork, &c., in the three dams at Vehar.”’ 

From this reservoir Mr, Aitken proposed to bring the water into 
Bombay through a steel main 44 feet in diameter, and carried on masonry 
pillars.* The contemplated supply was 25,000,000 gallons daily. 

To meet the objection, suggested by himself, that the character of the 
works was not of a permanent nature, Mr. Aitken said :— 

‘‘T have no doubt but that when the proposed 4-feet 6-inch main is worn 
out, Bombay will be ready and able to pay for a new main of twice its 
capacity.” 

The cost of the Shewla Scheme was as follows :— 


Reservoir and works at Shewla, including 10 per cent. RS. 
for contingencies, oe vee oe 10,97,292 
Stec]l main 56 miles long, ‘aelnding do. do, ig uses oe =. 1,24,78,611 


Land, eoe eee eet eee eee 4,49,280 





Total, ... ... 1,40,23,183 
Or say 140} lakhs of rupees. 


The Second Project proposed by Mr. Aitken was :— 

‘¢ The construction of an entirely new reservoir in the valley of the Tas- 
soo River just below the Kennery Caves. The total area of the proposed 
lake, which will hereafter be called the Kennery reservoir, and of the 
gathering ground, will be nearly 3,400 acres, or about equal to Vehar. I 
propose that the embankment shall be 136 feet high, which will impound 
water to a depth of 130 feet above the bed of the stream. This is a very 
great depth of water, and is 22 feet higher than any dam with which 1 am 


* Icannot give a plan or section of the line along which the main was to run, as they were not 
given by Mr. Aitken himself. In fact, there was no survey made of the line. 
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acquainted ; yet as there is an abundance of excellent material in the im- 
mediate vicinity of the dam, and as we can supply ourselves with water 
for consolidating and working it by pumping from Vehar, I should have 
no hesitation in undertaking the work, nor should I entertain any doubt 
as to its perfect success.* 

‘The total amount of material required for the construction of this 
dam, vide Plate XX VII., amounts to no less than 1,110,000 cubic yards, 
nor would it be possible to do with a less size of dam than is now propos- 
ed, as otherwise, owing to the configuration of the ground, we should be 
unable to impound the requisite quantity of water. 

“The area of the proposed Keunery reservoir is only 500 acres in ex- 
tent, or less than one-half that of Vehar, and its storage capacity is only 
7,400 million gallons, or one-third less than Vehar. The total annual 
supply available for the use of the city will, however, amount to 4,201 
million gallons.” 

The Third Scheme which Mr. Aitken proposed was :— 

‘“‘ The construction of a dam in the River Tassoot just below the village 
of Toolsee, whereby the waters of the upper portion of that river will be 
diverted into the Vehar Lake, which would thus have its gathering ground 
increased by 1,600 acres, so that the present supply from Vehar might be 
increased from 5 to 64 gallons. 

“A new 28-inch main pipe will be required to convey to Bombay this 
extra quantity of water, aud I estimate the cost of this work at 164 lakhs 
of rupees, or from 53 to 64 anunas per gallon. 

Of his Fourth Scheme Mr. Aitken wrote :— . 

“It embraces Scheme No. 3, but in addition to the supply to be obtained 
from the upper part of the Tassoo, 1 propose to construct a new reservoir 
at Poway, vide Plate XXVIII. <A reservoir can be constructed in the 
Poway valley 980 acres in extent, and the total amount of earthwork in 
the dams will amount to but 380,000 cubic yards. The Poway basin pre- 
sents very great facilities for the construction of a large reservoir, but 


unfortunately the gathering ground is very limited, being only about the 


* In connection with this subject, vide Appendix B, No. LXVIII., of Professional Papers on Indian 
Engineering, Second Series Mr Rankine our highest authority in the theoretical branch of the 
profession, doubts whether an earthen dam can be relied on where the depth of water exceeds 100 or 
110 feet, Vide also page 72 of the above-mentioned Article. 

+ The survey of this valley hai not been made when Mr. Aitken submitted his Report. It was 
completed shortly after my arrival in Bombay in June 1870. A plan of both the Toolsee gathering 
ground and reservoir is given in //ule XAIX. 
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same area asthe Lake. This deficiency would, however, be supplied by 
running the surplus water from the Vehar Lake into the Poway reservoir.* 

“Tf this scheme be carried out, 10 or 12 gallons per head may be 
secured at a cost of about 354 lakhs of rupees. 

“The size of the main from Poway would require to be 36 inches in 
diameter to enable us to work it along with the supply from Vehar, and 
as we could depend on the Veliar Lake being filled every year, I would 
propose to lay another 32-inch main from Vehar, to join this proposed 
new main from Poway.” 

In forwarding Mr. Aitken’s Report to the Government on the 12th 
October, 1868, the Municipal Commissioner said: “I must reluctantly 
pronounce the construction of the Shewla Scheme pecuniarily impossible 
to Bombay at present,” and Mr. Crawford recommended the carrying out 
of the Kennery Scheme at the cost of 414 lakhs of rupees. The financial 
view of the question taken by him was put thus :— 

‘The present income from the Vehar water rate is four lakhs of rupees. 
Of this one and three quarter lakhs goes towards payment of the Vehar 
works, and one lakh is needed for maintenance and minor extensions, 
This leaves one lakh and a quarter annually available for the construction 
of new works. 

‘‘T assume that Government would treat Bombay like Calcutta, and 
obtain the money required on its own guarantee, at 4 per cent. 

‘The re-payment of the loan should be spread over 50 years, and, be- 
sides interest, one-fiftieth should each year be set aside as a sinking fund. 

‘To construct the Kennery works, the sum of Its. 41,50,000 is required. 


RS. 
Interest at four per cent., .. oe oe os «> 1,66,000 
One-fiftieth for sinking fund, .. ee oe «> 83,000 





Total, és 2,49,000 
“T would provide this amount partly from the excess of the existing 
water revente over expenditure, and partly by a light general water rate, 
which should be made leviable by law for 50 years, thus— 


R6, 
Excess available, .. oe ‘“s oe ee ee 1,25,000 
One per cent. water-rate, .. ee ar e- «+ 1,32,000 


eS 


Total, ee 2,57,000” 


® I cannot give drawings of the dams of which there were to have been six. Excepting a longi- 
tudinal section of the main dam, copy of which may be seen in Plate XXVI., there is no information 
on record regarding these works. 
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In a Resolution passed on the 12th January, 1869, the Government 
appointed a Commission of the following gentlemen to take evidence and 
report on the Water-supply and the Drainage of Bombay: The Hon'ble 
A. R. Scoble, Chairman, Colonel W. Kendall, Lieut,-Colonel J. §. Trevor, 
R.E., Dr. W. G. Hunter, M.R.C.P. With reference to the former sub- 
ject the duty of the Commission was :— 

‘To consider Mr, Russel Aitken’s scheme for increasing the water- 
supply, and to report on their relative general advantages, and to examine 
and discuss the details of that which they might consider most suitable, 
should they be of opinion that either of them was calculated to effect 
satisfactorily the object in view.” 

The Commission sat for the first time on the 17th March 1869, and 
continued its sittings till the 7th of April following. At this stage in 
the history of the water-supply of Bombay, I became a party to the dis- 
cussion. I gave evidence before this Commission, but I took an unfavor- 
able view of all Mr. Aitken’s projects. It is not my intention, however, 
in this report either to support my propositions or to criticise Mr. Aitken’s 
schemes. I shall, therefore, merely state the conclusions at which the 
Committee arrived, and so far as possible in their own words. I beg to 
draw especial attention to these conclusions, as I think they are most 
worthy of consideration, and display a largeness of view on this important 
subject, which it behoves the town to weigh well. Regarding the Shewla 
Scheme, they wrote thus :— 

The Commission consider that it is too gigantic a work to be under- 
taken by the Municipality. Its cost would appear, if anything, to have 
been under-estimated by Mr. Aitken; for Mr. Ormiston puts it at two 
millions sterling, and Captain Tulloch at 180 lakhs. The proposal to 
carry the water for a distance of fifty-six miles in an exposed steel is also, 
in the opinion of the Commission, too novel an experiment to be tried on 
so large a scale in the first instance; and, without adopting Dr. Blaney’s 
opinion, that the water would ‘come into Bombay in the afternoon in a 
state for boiling an egg, warming a child’s conjee, or giving a rheumatic 
patient a hot bath,’ the Commission have no doubt that should it be found 
necessary to bring water into Bombay from so great a distance, a mason- 
ry conduit would be in every respect preferable to a steel main.” 

Of the Kennery and Poway Schemes they said :— 

“The Kennery and oway Pschemes are both open to the objection 
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that they are mere patches upon Vehar, and incapable of extension from 
time to time to meet the growing requirements of the city. The enor- 
mous height of the impounding dam at Kennery, and the quantity of 
valuable land that would be submerged at Poway, are additional reasons 
against the adoption of either of these projects; and the Commission are 
of opinion that neither of them is calculated to effect satisfactorily the 
object in view.” 

After this expression of opinion on three of the projects proposed by 
Mr. Aitken, the Commission discussed the general question as to the 
quantity of water required by the population, and the quality of the 
water obtained both from Vehar, and from the wells in Bombay. They 
showed how the 8,500,000 gallons supplied daily to Bombay were ex- 
pended, and, condemning generally the water obtained from the tanks and 
wells in the town as ‘fruitful sources of disease and death,” pronounced 
the “only really wholesome water’’ to be that “ from the Vehar Lake.” 
They then went on to say: — 

“ Under these circumstances, having been obliged to discard the three 
larger projects suggested by Mr. Aitken, the Commission directed their 
attention to three points :— 

(1). Whether the existing works at Vehar are in a safe condition. 

(2). Whether the supply from Vehar can be increased without danger. 

(3). Whether the Vehar water is so distributed as to make it most 
generally useful. 

“There is no doubt that so long as Bombay has to depend on one 
reservoir for its water-supply, it runs a great risk, ‘on account of the 
general insecurity which attaches to all works of the kind” But, apart 
from this, there seems no special reason to distrust the stability of the 
works at Vehar. Mr. Ormiston says that ‘the dams are in a better state 
than they have been in for many years,’ and that ‘the repairs which Mr. 
Aitken made two seasons ago at the Vehar dams have been so efficient, 
that, so far as my judgment goes, the Bench need not expend the two 
lakhs which are put down for extra repairs.’ He, however, considers it 
a source of danger that the outlet pipe at Vehar passes throagh the 
embankment; and that it might be closed altogether, and a fresh one put 
in at a higher level, with great advantage. Captain Hancock says that 
‘it is desirable that the dams should be very carefully overhauled, and 
perhaps, repaired,’ but that ‘there is nothing to prevent the necessary 

VOL. Il.—SECOND SERIES, 2 F 
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repairs being carried ont to make the dams sufficiently strong to be de- 
pended on.’ And Mr, Russel Aitken, though saying that ‘the same 
feeling is entertained by every one connected with the works, namely, 
that they are not in a satisfactory state,’ reports that, with an expenditure 
of two lakhs, the dams and waste weir can be made reasonably safe, 

* The Commission are therefore of opinion that there is no reason to 
expect any immediate accident to the Vehar works, and that, with a 
moderate expenditure, the dams may be made as secure as is possible to 
make works of such a nature. They accordingly recommend that these 
repairs should be taken in hand without delay. Asa further precaution, 
they would advise that the present outlet pipe throngh the dam should be 
closed, and a new one put in through the solid at a higher level. 

“The supply from Vehar being equivalent only to about 10 gallons 
daily per head of the population—the pressure being insufficient for con- 
tinuous service—and, as a consequence, the mains being frequently empty 
on occasions of fire,—the Commission considered it most important to 
ascertain whether the quantity of water in the lake could be supplemented 
from neighbouring sources, without danger to the existing works. This, 
in the opinion of the Commission, can be accomplished br Mr. Aitken’s 
Toolsee scheme. He proposes ‘the construction of a dam in the River 
Tassoo, just below the village of Toolsee, whereby the water of the upper 
portion of that river will be diverted into the Vehar Lake, which would 
thus have its gathering ground increased by 1,600 acres, so that the pre- 
sent supply from Vehar might be increased by 5 or 6 gallons per head 
daily.” Mr. Aitken is of opinion that, ifthe dams at Vehar are strengthen- 
ed as recommended by the Commission, the Toolsee water can be brought 
into the Jake without any danger; and in this opinion Mr. Ormiston and 
Captain Hancock concur. This increase would bring the water supply 
of Bombay up to from 15 to 16 gallons per day per head of the popula- 
tion and could be effected at moderate expense; Mr. Aitken estimates 
the work at 16% lakhs, including the cost of a second main from Vehar 
to Bombay. 

“The Commission recommended the adoption of this scheme, not 
.only because, so long as the Vehar dams last, it will give an increase of 50 
per cent, to the water supply at a small cost, but also because it appears, 
from Captain Hancock’s evidence, ‘ that the supply of water to the Vehar 
Lake is not much more than sufficient to meet the presented rain upon it 
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in average years,’ and that, if succession of years of low average rain-fall 
were to ocenr, there would be a considerable risk of the lake becoming 
exhausted if the consumption were not proportionately restricted.” 

The Commission then discussed the system of distribution, but this 
need not detain me. On the general subject of the water-supply of 
Bombay they expressed themselves thus :— 

‘The Commission venture to express their conviction that no scheme, 
involving any considerable outlay shonld be adopted by the Municipality, 
or sanctioned by Goverment, unless it combines the least possible engi- 
neering risk in the method of its construction, with a capability of inex- 
pensive extension from time to time to meet the growing wants of the 
population By the last census the inhabitants of the Town and Island 
of Bombay numbered $16,562 ;* and it is reasonable to suppose that, in 
the course of the next 20 or 80 years, this number will be considerably 
augmented. In the construction of new and costly water works, the 
future as well as the present wants of the city shall be borne in mind.” 

And they concluded their report in these important terms :— 

While it is the opinion of the Commission that by greater economy of 
distribution, and the addition of the Toolsee water, much will be done to 
alleviate the evils of the present scanty water supply of Bombay, it is no 
less their conviction that no time should be Jost in securing a full and 
permanently reliable supply of water to the town. Even with the addi- 
tion of Toolsee, the supply from Vehar will be sufficient only for an inter- 
mittent service, a minimum supply for domestic uses, and an unreliable 
supply in case of fires. The recommendations of the Commission, there- 
fore, so far as they have gone, point only to temporary measures of relief. 
A continuous service, at full pressure, is what is required for Bombay, 
and Bombay should satisfied with nothing less. This, the Commission 
consider, will be most securely obtained by a low level reservoir, from 
which the water should be brought by a covered masonry conduit to 
Bombay ;f and they recommend that surveys should be made witheut de- 
lay with a view to carrying out this proposal. With such a reservoir 
not only could the supply of water to Bombay be made to keep ahead of 

* The ceusus taken last year (1871) shows the population to be as nearly as possible 650,000, 
+ Further on the reader wil] observe that I have not fuiled to bear in mind the opinion of the com- 
mission on this point. The Kamun scheme, which involves a low-lying reservoir and a masonry 


conduit, has been specially investigated to ascertain the advisability and expense of carrying out a 
project of this class. 
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any possible increase of the population, but all the water not required for 
Bombay might be made available for the service of towns on the road, 
for the supply of the railways, and for irrigation. In this point of view, 
the work might fairly be regarded as an Imperial work, and not one of 
a merely local Municipal character.” 

With the Report of the Commission before them, the Government 
passed a Resolution on the 31st March, 1870, and on the particular pro- 
jects proposed by Mr. Aitken they expressed themselves thus :— 

“Government concur with the Commission, in rejecting the Shewla 
scheme, It does not appear to have been ascertained beyond a doubt, 
that as good a storage basin cannot be found in closer proximity tv Bom- 
bay, nor are the details of the scheme sufficiently well considered. The 
amouut of the outlay involved also puts it beyond the power of the 
Municipality for the present at least. 

“The Kennery and Poway schemes would not give results commen- 
surate with the outlay they would involve, and the construction of either 
would only be a half measure. 

“¢ A very substantial addition to the Vehar Lake, at an expenditure 
which is within the means of the Municipality, might, however, be made 
by the execution of the Toolsee scheme, and Government concur with the 
Commission that this wonld be the best practical arrangement.” 

And on the general question of water-supply they went on immediately 
after to say :— 

“ It (the Toolsee scheme) could only, however, be regarded as an interim 
expedient, for it does not provide for the full quantity (fifteen gallons) 
of water per head for the number of people that now probably inhabit 
Bombay ; and would, therefore, year by year, as the population increases, 
become more and more inadequate: many years would, however, pro- 
bably elapse before any practical inconvenience would be felt, and it is 
reasonable to suppose, in that interval, not only will some suitable scheme 
for a substantial increase be devised, but that means will be forthcoming 
for carrying it out. 

“« It is quite clear that, as a permanent arrangement this city should 
not be left to depend on one source of supply, liable to suffer from in- 
sufficient rain-fall in successive years, or destruction from accident, to the 
impounding dams. 

‘The risk of either contingency may not be great, but it does, no 


HISTORY OF THE WATER-SUPPLY OF BOMBAY. 211 


doubt, exist, and, therefore, the Municipality should lose no time in having 
the further investigation suggested by the Commission made, in view to 
the selection of a suitable site for another reservoir, so that all may be 
ready for action as soon as suitable means can be made available; in the 
meantime the dams of the Vehar Lake should be strengthened, as recom- 
mended, and the question of another main from Vehar should be seriously 
considered.” 

On receipt of this Government Resolution, the Municipal Commissioner 
took action by having a careful survey made of the Toolsee valley. When 
I arrived in Bombay in June 1870, this survey was finished,* and I was 
directed to submit the Toolsee project as soon as possible. Accordingly 
in July the plans and estimates were ready, and the Bench of Justices 
then appointed a Committee composed of the following gentlemen to re- 
port on the scheme; Major-Genl. Tremenheere, R.E.; Mr. Ormiston, 
C.E.; Mr. LeMesurier, C.K. ; and Dr. Lyon. According to the Commit- 
tee’s request, I drew up a brief memorandum on tke subject, but feeling 
that so short an investigation as one occupying me six weeks only did 
not justify my speaking with the least anthority on so great a subject, 
I wrote :— 

‘¢T should preface my remarks by informing the Committee that I feel 
I am in no way capable of forming an opinion as to whether the Toolsee 
project, in any shape, is the best which the people of Bombay can adopt.” 

T went on then to say that the project was merely submitted for them 
to accept or reject on the facts put before them, and that I could neither 
condemn nor recommend it, J pointed out then that, as no rain gauge had 
been kept in the Toolsee valley, it was impossible to say with any degree 
of certainty what quantity of rain fell there yearly. I showed, however, 
that such records as there were even on the question of the rainfall at 
Vehar were utterly unreliable ; that, while it had always been supposed 
that the rainfall at Vehar was considerably in excess of that at Bombay, 
the records threw doubt even on this conclusion; that under these cir- 
cumstances I preferred to assume that the rainfall was what Mr, Cony- 
beare and Mr. Aitken had assumed it to be—viz., 102 inches, or 82 feet 
per annum. To-this I added 12 inches, or about 12 per cent., to obtain 
the rainfall at Toolsee, which was thus calculated to be 93 feet. I rea- 


* I find now that the levels of all the dama which were referred by the Surveyor, Mr. Preston, to 
the supposed levels of the Vehar Lake, are wrong by nearly fifteen feet. The correct levels are given 
in the accompanying drawings, Plates XXIX. and XXX. 
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soned thus: the rainfall at Bombay is 75 inches, and the rainfall at 
Vehar (102 inches) is 36 per cent. in excess of it. But Toolsee lies as 
much (200 feet) above Vehar as Vehar lies above Bembay. Now it is 
an indisputable fact that in the Concan the higher the position, the greater 
is the rainfall. Thus then if the rainfall at Vehar is 86 per cent. above 
that of Bombay, the rainfall at Toolsce should most certainly exceed that 
at Vehar. I assumed this excess to amount to only 12 per cent. on the 
Vehar rainfall, * and 1 therefore took the total rainfall‘at Toolsee to be 
92 feet. 

The area of the Toolsee gathering ground, exclusive of that of the lake, 
which is 214 acres, is 1,253 acres f Assuming the evaporation on the 
lake to amount to five feet per annam, I put the following fact before the 


Committee :— 





Gallons, 
On the supposition of the rainfall at Toolsee | Quantity collected 
being 12 per cent. in excess of that at Ve- | from over surface 
har and 2ths of total rainfall being col- of luke, ...e..6. | 262,176,750 
lected on the gathering ground. Do, from gathering 


ground, «see. | 2,551,1382,800 


Total Gallons, .. | 2,818,309,550 








On the supposition of the rainfall at Toolsee | Quantity collected 
being 12 per cent. in excess of that at {| from over surface 
Vehar, and 5 ths of total rainfall being of lake, ...... | 262,176,750 


collected on the gathering ground. Do. from gathering 
ground, ...... | 2,232,300,262 








Total Gallons, .. | 2,494,477,012 


The water was proposed to be brought to Bombay through an iron pipe 
under the pressure. In the former case the pipe was to be 80 inches in 
diameter, and the main dam 96 feet high, while the cost of the works was 
estimated at 86 lakhs. In the latter case, the pipe was to be 27 inches 
in diameter, and the dam 87 feet high, while the cost of the project was 
reckoned at 23% lakhs. : 

The Committee appointed by the Bench came to the conclusion that 
not more than four gallons per diem per head of the population could be 


obtained from the Toolsee valley, and they estimated the cost of the works 

* The observations taken in 1870 showed the rainfall in the Toolsee valley to be almost exactly 20 
per cent. in excess of that at Vehar, but I am not inclined to place much reliance on the observa- 
tions of a single year. The monsoon of 1871 failed, but the rainfall in Toolsee, 53 inches, was 40 per 


cent in excess of that at Vehar, 39 inches. 
t The capacity of thc lake is given on Plate XXIX. For information regarding the dams, vide 


Plate “XY. 
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to secure this supply at 25 lakhs. On the general question of water- 
supply they expressed themselves thus :— 

‘We are of opinion that Toolsee should not be undertaken unless it be 
shown conclusively that no better scheme is practicable, This has not been 
done yet; and we therefore recommend that in the first place the Kennery 
scheme be carefully worked out as soon as possible. To do this it will be 
necessary to have an accurate contoured survey of the valley, and a survey 
and section of the line of main into Bombay. If while this is in progress, 
Captain Tulloch can find another site more favorable, he should report 
on it.” 

Acting on the spirit of the Committce’s recommendations, T at once 
began an examination of the surrounding country, and a series of surveys 
of such valleys as [ thought most suitable to the purposes of the town ; 
but, justas the work was drawing toa close, and while To owas engaged in 
preparing this Report, a sndden and severe ilness, contracted while pro- 
secuting my out-door duties, compelled my immediate departure to Kng- 
Jando on the 14th October, 1871. Shortly after this, and in consequence 
of the failure of the monsoon, the question of water-supply assumed great 
prominence, and in November my successor in the office of Executive Nn- 
gineer to the Municipality, Mr. Rienzi Walton, was called upon to sabmit 
another report on the capabilities of the Toolsee Valley. This report, 
with plans, was ready by the end of December,* 

Mr. Walton was of opinion that abont 1,340,000,000 gallons yearly, 
or 3,670,000 gallons daily could be obtained for use. This would be 
equivalent to 44 gallons per head per diem during a twelve month for the 
supposed population at that time—viz., $50,000, but equal to rather 
more than 53 gallons per head per diem per annum for the recently as- 
certained population—viz., 650,000. 

In his first project Mr. Walton did not propose to impound any water 
for use in the Toolsee Valley, but to throw the entire available supply into 
the Vehar Lake. A dam 35 feet high was to be built across the Toolsee 
stream, and the water was to be led from the small reservoir thus formed 
into the Vehar Lake, by a tunnel under the dividing ridge between the 
two valleys. This tunnel was to be 10 feet wide and 7 feet high, and to 
have a slope of 20 feet per mile. Mr. Walton was careful to remind the 
public that only in the event of the Jake being sufficiently low to admit of 


* Vide Professional Papers on Indian Engineering, Second Series, Vol. 1., page 320, No. XXXII. 
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its holding the extra quantity of water could the latter be made available, 
In any other case, the water must necessarily, after flowing into the lake, 
run to waste over the weir. 

In his second project Mr. Walton proposed to impound water to such 
a height (64 fect) as to utilize the ridge of hills between Vehar and 
Toolsee as a waste weir, so that the surplus water, after the new reser- 
voir became full, might pass into the Vehar Lake. The capacity of 
the new reservoir was ascertained to be 581,000,000 gallons, or say 23 
gallons per head per diem for one year for a population of 650,000, If 
the Vehar Lake happened to be full, the surplus water was to be 
temporarily dammed up on the ridge, and passed over a weir near the 
Toolsee Dam. 

No. 3 Project differed “from No. 2 only in having higher dams, and 
consequently increased storage.” The dam was to be 74 feet high, and 
the capacity of the lake 1,451,000,000 gallons, equivalent to, say, six 
gallons, per head per diem for 650,000 people for one year. In this case 
a dam 21 feet high was pruposed on the ridge between Toolsee and 
Vehar. The arrangements for drawing off the surplus water were simi- 
Jar in their nature to those proposed in No. 2 Project. 

Mr. Walton estimated the cost of the different Projects at, No. 1, 
Rs. 1,38,315—No. 2, Rs. 1,75,221—No. 3, Re. 3,59,153. He strongly 
recommended the last, and showed its great superiority to the other two. 
This project, with some slight modifications proposed by Mr. Ormiston, 
was approved by the Bench, and an application was made to Giovernment 
for five lakhs of rupees—the sum which Mr. Ormiston estimated the 
works would cost. The Government offered the Bench four lakhs only. 
Some correspondence passed on the subject, but the ultimate result was 
that the season was too far advanced to admit of much work being done 
till after the monsoon. 

The reader having now been made acquainted with the main events 
which have occurred in connection with the water-supply of Bombay 
during the last quarter of a century, will be in a better position to form 
a judgment on this most important subject. 

H. T. 
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DESCRIPTION OF THE COUNTRY ABOUT BOMBAY 
WITH REFERENO® TO THE “BOMBAY WATER. 
SUPPLY.” 

{ Vide Index Map and Plates XXXI. to XXXIV.) 


By Masor Hector Tuttocn, R.E. 


Ir we examine a map* of the surrounding country about Bombay, we find 
that the town stands on an ix@and about eight miles long and two miles 
wide. This island is separated from the mainland by an arm of the sea, 
which, forming the harbour, and gradually narrowing into a creek, runs 
for about 25 miles in a northerly dircction, and then, suddenly taking a 
turn to the west, issues into the Indian Ocean near the ancient town of 
Bassein. This tortuous creek forms a second island, known to us as Sal- 
sette, and having an area of over 150 square miles. It presents, moreover, 
physical features which, for the purposes of water-supply, have always 
attracted much attention, and therefore deserve the fullest consideration 
at my hands. The centre portion consists of several ranges of hills, some 
attaining an altitude of over fifteen-hundred fect above the sea. Even 
the valleys between the ranges are at a great height, and have a consider- 
able command of-elevation over Bombay. Of these valleys, however, three 
only are of any practical use for the purposes of so large a town. The 
rest are not sufficiently extensive in area to mect its wants. The south- 
ernmost valley, that known as Vehar, has already been utilized. There 
remain two others ; the Kennery valleyt which debouches to the north-west, 


and the Ewoor valley, which, carrying its waters northwards, throws them 


© Vide ‘Index Map.” 

ft The Toolsee valley which, later on in this Report, I have, at the request of the late Municipal 
Commissioner, Mr, Hope, gone into thoroughly, forms merely the upper portion of the Kennery val- 
ley, and is, therefore, comprised in it. 
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into the Tannah Creek. The area of these three valleys are, roughly 
speaking, about equal to each other. Each offers us six square miles of 
gathering ground, so that if we take the rainfall in the Vehar valley as 
the average rainfall over all, three times the supply which we now obtain 
from Vehar, or say 25,000,000 gallons per diem, will fairly représent the 
utmost capabilities of Salsette. 

Geologically there is but one formation—trap. Such other strata as 
may be found on these hills are merely superficial deposits, below which, 
at a few feet of depth, the same characteristic rock, and generally of a 
hard, unyielding nature, will invariably be nf€ with. 

Thus, then at present we have found two valleys which require to be 
investigated--the Kennery valley, and the Ewvor valley. The facts of 
these will be given in full detail hereafter.* 

If we leave Salsette and return to Bombay, and then, ercssing the 
harbour, pass on to the mainland, we shall find under our feet a low-lying 
country with numerous rivers, all flowing westward, and with numerous 
ranges of hills of varying heights, some copnected with each other, others 
standing by themselves. We shall also find the land steadily rising to- 
wards the east, and our progress in the distance threatened by the chain 
of mountains on which that lovely little sanitarium, Matheran, lies nestled. 

Close to the village of Owleh, near Panwell, lies a basin of about eight 
miles superficial extent, that is, une not much Jarger than the Vehar val- 
ley. As the tide rises above Panwell, it will be clear that a reservoir 
formed in this locality must necessarily be a low-lying one. In addition 
to this drawback, there is nothing that can be termed asiteforadam, A 
search in this direction will be useless. 

Leaving Panwell, therefore, and taking a direct conrse to the east, the 
first valley which presents itself to us for examination is about four miles 
off, near the village of Akorlee. In spite of the large gathering ground 
which it offers, a very cursory glance at its features will satisfy us that 
it will not answer our purposes. It lies but thirty feet:above the sea, so 


*®T should mention here that it is not my intention to considerthe Poway valley, the facts in con- 
nection with which were given by Mr. Aitken, in his Report on the water-supply. The acheme has 
been condemned because there is an unanimous opinion among all the intelligent and educated in- 
habitante, that no project should be entertained for the construction of a reservoir, the safety of which 
is at all dependent on the safety of Vehar. Poway liesimmediately below two of the Vehar dams, and 
if anything happened to the latter, there would be very little left of the Poway reservoir, On the 


game ground tbe lower portion of the Marule (4. ¢., the Vebar) valley has not been investigated by me, 
nor is it, indeed, at all suited to our purposes: 
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that this lake also would be at a low level. Here too there is no good 
site for a dam, which, if erected, would require to be two miles long, and 
would cost an enormous sum of money. Let us try the valley higher up. 

About five miles to the east of Akorlee, near the village of Gadheh, the 
valley begins to contract. In travelling up the stream, moreover, we 
have risen a hundred and thirty feet, so that while before we were stand- 
ing on ground only thirty feet above the sea, now we'are one hundred and 
sixty feet above that level. But we have lost nearly two-thirds of our 
former gathering ground, for whereas the valley above the village of Akorlee 
has an area of forty-five miles, above Gadheh it has only fifteen. Near 
Gadheh itself there is no good site for a reservoir. A dam 80 feet high 
would be a mile and a quarter long, and one a hundred feet high would be 
nearly two mileslong. About half a mile further up the river, near Dham- 
nee a lake miglit be formed, vide Plate XXXI. But now the gathering 
ground is still further reduced from fifteen to ten sqnare miles. This 
objection may be got over in the minds of some, on the consideration that 
the rainfall in this region is tremendous, and that these ten miles of col- 
lecting area would be really cquivalent to forty or fifty miles anywhere 
else. On the other hand, others may urge that the heavy fall of three 
hundred inches yearly at Matheran is confined to the plateau itself, the 
area of which is trifling, and that the rainfall in the valleys is probably 
the same as that in other similar localities, Be this, however, as it may, 
there is unfortunately no storage capacity at Dhamnee for a large body of 
water. The streams run throngh gorges and have rapid falls—falls of 
from seventy-five to nearly a hundred feet per mile! Even adam 170 feet 
high would not send the water back more than about two miles, and this 
only inthe mainstreams. In fact, adam higher than the highest® in the 
world, and five times longer, would not give us a lake of greater super- 
ficial extent perhaps than that of Vehar. Thus, although there may be 
abundance of water available for our purposes, and at a fair height above 
Bombay. Still the physical features of the country do not admit of its 
: being stored, except at an cnormous cost, nor, as will be shown presently, 
of its being brought into aed except at a greater one. 

It is no use to follow this valley any higher. Tue gathering ground 


rapidly contracts, and all the objections already urged increase. Let us 


* The Furens dam, near St. Etienne in France. It is 164 feet high and about 330 feet long, Vide 
No. LXVIITI. of Professions! Papers on Indian Engineering, Second Series, for fuller information 
segarding this work. Vide also Fig. 5, Plate VII. of the above-mentioned Article. 
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retrace our steps for some two or three miles, and then, proceeding in a 
south-westerly direction, let us stop at the village of Cheekleh. Before 
us stands the giant Prubhul pouring his waters down in numerous streams 
which meet at our very feet, but defying us to intercept them. No dam 
which we could construct here would be of any use, and higher up the 
valley we could not manage without two very expensive works. Let us 
pass through the gap in the range of hills to the south, and continue our 
search eastward. 

We now come upon two promising valleys with a combined area of 
over twenty square miles, and with a great water-supply. These two 
valleys, in fact, are the main recipients of the floods which fall upon 
Matheran, and they join their waters together close to the village of 
Chowk. Hore then clearly would be abundance of water for our pur- 
poses if we could collect it. Unfortunately, however, the spur on the 
east is very low, lower even than the dam which would be required. We 
could not in fact intercept the two rivers after their junction at all. The 
only plan would be to deal with each river separately. But an attempt to 
do this even would be at great cost. The accompanying plan, vide Plate 
XXXII., gives a section of the western valley by itself, the more favor- 
able one of the two, and it will be seen that a dam a hundred feet high 
would be not only nearly a mile long, but which is really the point to look to 
regarding all dams, very high for the greater portion of the length. The 
valley, moreover, rises too rapidly (120 feet in two miles) to admit of the 
storage of much water, nor does it lie so high above Bombay as could be 
desired. We should not in fact have éufficient pressure for our purposes. 

The eastern valley, with characteristics similar to those of the western 
one, offers us even still less hope of success. 

“Thus the hills about Mathergn, in spite of the heavy rains which pour 
on them, and in spite too of their comparatively short distance from Bom- 
bay, do not offer those facilities for water-supply of which the Engineer is 
in search. There are no flat wide opening valleys, narrowing suddenly 
into gorges. On the contrary, either the ground from the bottom of the 
valleys rises on each side with too great a slope to admit of the storage 
of much water, or the streams have too rapid falls, or there are no very 
narrow gorges suitable for dams. Nature evidently had not the common 
place question of the water-supply of Bombay in her mind, when she fash- 
ijoned these grand old hills into their present picturesque forms. 
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Let us leave Chowk and travel southwards, and this will bring us into 
a large valley fed with rain from the precipitous heights of the western 
ghats. Near the village of Khalapore, where the valley narrows to a 
width of about two miles, would seem to be the most natural site for the 
dam. A reference to the accompanying plan, vide Plate XXXIL, will 
show how expensive the dam would be. But this is not all. Two more 
dams would be required to stop up other gaps in the hills, and worse than 
every other objection is the fact that the valley lies very low, fifty feet 
below even the Vehar basin. As the pressure from the Vehar Lake is 
only just sufficient for our purposes, it is manifest that the pressure from a 
basin so low and so far away as Khalapore would not suffice. 

Before leaving this part of the country, and in order to thoroughly con- 
vince the reader, in fact to leave no room for doubt in his mind, of the ex- 
pense and inadvisability of drawing our water-supply from any of the val- 
leys about Matheran, or to the east or south-east of Bombay, I will now 
point out to him other and insuperable difficulties, which apply without 
exception to every reservoir that may be formed in this direction. 

This part of the country, however promising it may look on account of 
its proximity to Bombay in a direct line, can only be considered close to 
us practically if the water is conveyed to the town by a direct route. 
Now let me point out what this would involve. It must involve a tunnel 
under some part or other of the harbour.* I have not omitted to consider 
this matter carefully, and, if I had had any hope of overcoming the diffi- 
culties offconstructing such a tunnel without the risk of its having to be 
abandoned ultimately, I should have added another to the present projects, 
and submitted one for the supply of the town from the east or south-east. 
But let me proceed to explain. 

There are two routes we may take across the harbour. The first is from 
the mainland to Elephanta, and on from Elephanta to Trombay ; and the 
second is from Elephanta to Butcher's Island, and straight across to Ma- 
zagon. Along the former route, there would be a tunnel more than 14 
miles, or 7,920 feet long, and it would be under water fifty feet deep. As 
it would be practically impossible to have a shaft anywhere along the line, 
it follows that the headings would be 3,960 feet long—that is to say, that 
from each end we should have to pierce a tunnel of this length, before the 
two met in the middle. Now suppose the rate at which we could advance 


* Vide “Index Map,” 


220 DESCRIPTION OF THE COUNTRY ABOUT BOMBAY. 


to be one foot a day, which is probably under such circumstances the ut- 
most daily average progress we could hope to make, it would take about 
eleven years to complete suzh a work. On the second line, which involves 
a tnnnel three miles long from Butcher’s Island to Mazagon, we should 
require just double the time, or twenty-two years, before we could bring 
the supply to the town. And suppose, having got our tunnel, anything 
were to go wrong with it—that a burst in the pipe laid along the inside 
were to take place. What a long interruption in the supply would occur ! 
Or, in order to prevent this, suppose the tunnel were made wide enough 
for two or three lines of pipes, so that, on one failing, the stop valves on 
it could be closed, and the other lines could be used. Then conceive how 
large a tunnel would be required for this purpose, and how great would be 
the cost. My own opinion is that if we went to a sufficient depth below the 
bottom of the harbour, we might probably find solid rock of a sound na- 
ture, but how deep we should have to go to find it no one could possibly . 
say. No boringscould be perfectly satisfactory. It is this risk, this un- 
certainty as to the depth at which we could make sure of finding solid rock, 
that has induced me to louk unfavorably on any project for the supply of 
water from the east or south-east of Bombay. To go exceedingly deep, 
gay 200 feet below the bed of the harbour, would be only to increase our 
difficulty in another direction, for the pressure on the pipes would become 
60 great as to involve the risk of their constantly bu-sting.* 

If this region offered some extraordinary advantages, not to be obtain- 
ed elsewhere, it would be different. The risk and danger of: crossing 
under the harbour might then be entertained, but this is not the case, 
In the most essential point of all, the practicability of bringing the water 
by a high level conduit,f the country offers, us no advantage. There is 
no range of hills running with a straight course in the direction of Bom- 
bay, like the ranges in the Island of Salsette. The towns of Tannah and 
Panwell are in a direct line about the same distance from Bombay. Yet 
to convey water to Bombay from the reservoirs which might be formed 


* Suppose a three and a half or a four foot main were used, (the head of preasure being about 450 
feet,) we should for India require the pipes to be about 1# or2inches thick. The cost of such a main 
Would be tremendous, 

t I must ask the render to accept at present my bare statement for this. I could not stay to prove 
that a high level conduit is the best and cheapest way of bringing water to Bombay without break- 
ing altogether the thread of my argument, and wandering into a subject foreign to the purpose of 
this Article. But the whole subject is discussed seriatim in No. LXXVI. of Professional Papers on 
Indian Engineering, Second Series, and if he cares to revert to it before proceeding further, I think 
he will find the arguments irresistable. 
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near Tannah, say from the Toolsee or Ewoor valleys, would necessitate 
ten iniles only of iron pipes, while to bring water from the nearest valleys 
in the neighbourhood of Panwell would involve us in a cost of from six- 
teen to twenty miles of pipes. 

The route which a high level conduit from the direction of Matheran 
would have to take, is marked on the Map,* and a reference to it will 
show that, if this mode of bringing the water to Bombay were adopted, 
the channel would be no shorter than those from other reservoirs possess- 
ing advantages which are not to be found in the valleys about Matheran. 

When all these points are considered—the cost and risk of tunnelling 
under the harbour—the time required to complete such a work—the 
chance of the tunnel having to be abandoned through unforeseen difficul- 
ties arising in its construction—the delays that would take place in repair- 
ing the main when it burst—the heavy cost of the pipes—the great 
pressure of water to which the pipes would be constantly subjected—the 
indifferent sites for Dams—the want of storage capacity in the basins— 
and lastly, the length of the channel, if a high level conduit were adopted 
—the public will perhaps be disposed to agree with me, that, not until it 
has been proved that we cannot obtain water from elsewhere, should we 
be justified in attempting to bring it from beyond the harbour.t 

I have now run cursorily over nearly all the country lying to the east 
of Bombay, and to the west of the ghats. Ido not think it necessary to 
enter on the features of the valleys situated to south of the Patalgunga 
river, because, however favorable a reservoir so far south may be found, 
still the cost of bringing.the water to Bombay, in consequence chiefly of 
the obstruction which the harbour presents, must be so great, and the risk 
of failure is so probable, that the public would never entertain a project 
of this character. i 

Being close to the railway station of Kurjut, let us travel northwards 
- and stop at Callian, the junction of the two trunk lines of the Great Indian 
Peningular Railway. This will be an admirable stand-point of view for a 
large tract of country. It will be seen that close to this town meet all 
the rivers from the western ghats, which take their rise in the great extent 
of country lying between the Tull Ghat to the north, and the Bhore Ghat 


© Vide “ Index Map.” 


¢ Should a Birkenhead spring up in the future about Hog Island, the basins near Matheran might 
then be turned to account for ite supply, 
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to the south—a distance apart of over sixty miles. It is well known that 
the rainfall along the Western ghats is among the heaviest in the world, 
and that during the monsoon, the rivers which have their sources in them 
bring down enormous quantities of water—floods which no engineering 
works could possibly impound anywhere in the neighbourhood of Callian. 
No part indeed of the country about Bombay offers so few facilities for 
the storage of water as this district. 

A glance at the Map will show that on the south and on the west are 
wide plains, and that in the other directions, instead of the ranges of hills 
which we meet elsewhere, we have merely solitary hills standing apart 
from each other, as if they had passed a resolution among themselves to 
give the rivers as wide a berth as possible for their impetuous careers. 
There are three principal rivers. Let us begin by following the course of 
the southern one. 

It will be seen that the Poona line of the G. I. P. Railway runs along 
the valley of the Oolas, and, therefore, that to dam up this river anywhere 
in its course, would simply be tantamount to swamping the railway. This 
being out of the question, the only point is whether, as the main stream 
is not suited to them, some of its tributaries might not answer our pur- 
poses. The country through which the Posree, the Khansee, the Dhavree, 
the Chillar and the Meercholee flow, is open to the same objections as 
that about Matheran. The fact of its being further from Bombay gives 
still greater force to these objections. In addition to this, these tributaries 
soon after leaving the ghats flow over ground unsuited to the construction 
of dams, and continue their courses apparently with a fixed determination 
not to be so foolish as to be caught passing through a gorge. Thus the 
large tract of country between the Matheran range and the Western Ghats, 
well fed as it is with rain, is singularly innocent of any intention to gratify 
our propensities for storing water. 

Leaving this ungrateful district, let us follow the career of the only 
other tributary of the Oolas. The Bhurvee is fed by two rivers, both of 
which rise in the Western Ghats. Mr. Aitken, the late Executive En- 
gineer to the Municipality, examined the valleys of these small tributaries, 
and I think he did wisely in preferring the northern one. It is in fact on 
this—viz., the Moorbaree, that the site for the Shewla reservoir proposed 
by him is to be found. So far as their positions with reference to Bombay 
are concerned, neither river possesses any advantage over the other; but 
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the Moorbaree runs in a much higher bed. A reference to the Map will 
show that while near Shewla, the bed of the Moorbaree is 328 feet above 
datum (say 228 above Bombay) the bed of the Mohoghur at Tondlee, 
which is practically about the same distance from Bombay as Shewla, does 
notrise to more than 260 feet above datum(160 above Bombay). Thusthere 
is a difference of 68 feet to the advantage of the Moorbaree. This com- 
mand of elevation enables the Engineer to give a better slope to his deli- 
very channel, whether it be a pipe or a conduit, and thus to obtain either 
a greater discharge of water at the same cost, or an equivalent discharge 
at a less cost. The valley of the Mohoghur having, however, been inves- 
tigated, it is my duty to present the facts to the Bench, and the accom- 
panying plan, vide Plate XX XIIL., shows the extent of the reservoir, and 
the height and length of the dam near Tondlee. 

It may occur to many, on examining the map, that there are two gorges 
on the Mohoghur nearer to Bombay than Shewla, and requiring explana- 
tion. The first occurs near the village of Mandweh. Here unfortu- 
nately the river is 150 feet below the Moorbaree at Shewla, so that, even 
if the site for the dam were a good one, which it is not, this superior 
elevation of the Shewla reservoir would more than counterbalance any 
slight advantage of distance. The other gorge occurs near the village of 
Mohoghur, where there is an admirable sight for a low dam, as the ac- 
companying plan will show, but the storage capacity is inferior, and the 
fact, vide Plate X XXIII. of the river being still more than a hundred 
feet below the Moorbaree at Shewla condemns the valley. Taking this 
part of the country by itself, it is probable that the Shewla is the best re- 
servoir to be found in it.* 

The Bench of Justices have already had submitted to them by their for- 
mer Exec. Engineer, a project for supplying Bombay with water from 
the Shewla source, and I havet already given as full an account of it as 
seems necessary. I have given the account, moreover, in Mr. Aitken's 
own words, so that the project might be judged not through what I might 
say of it, but by the help of the projector himself. My own feelings 
prompt me to abstain from criticism; but, as I do not recommend the 
construction of the Snewla reservoir, I must in duty to the Bench state 


* The above information regarding the Moorbaree and Mohoghbur valleys ig taken from the survey 
made under Mr. Aitke1, ° 

+ Vide pages 202 and 208, also Plates XXV- and XXVI. of No- LXXVII-, Professional Papers 
on Indian Engineering, Secund Series. 
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my reasons. In a report professing to treat the question of water supply 
in considerable detail, it would not indeed be fair to the Justices for 
me to ignore a scheme prepared after a labor of more than two years, 
and offering to the town a larger supply than had ever before been pro- 
posed. 

The reasons then why I do not look favorably on the Shewla reservoir 
are these. It is badly situated for a high level.conduit, the supply from 
it is not capable of the same amount of extension as another reservoir, 
which will be proposed further on in this Report—the communications. in 
that part of the country are in a wretched state—and heavy compensation 
would have to be given for the several square miles of most valuable land 
which would be submerged by the lake. 

It would be out of place for me here to point out that the Shewla re- 
servoir does not well admit of a high level conduit. Before doing 
so, it is necessary I should prove that a conduit is preferable to a pipe. 
I have discussed this question at length,* and tried to show the great 
advantages which the former possesses over the latter, with regard to both 
cost and durability. If I have succeeded in establishing my point, it will 
no doubt be admitted that, ceteris paribus, that is the best reservoir which 
offers us a high level duct for the greater portion of the distance to 
Bombay. 

Regarding also the important point of the capability of extension, 
there is no comparison between the Shewla reservoir, and the one sub- 
mitted in this Report. 1t would not be possible to carry the Shewla dam 
above ninety feet, for the water would escape in several directions. The 
limit, therefore, to the capacity of the lake is the quantity of water con- 
tained in the reservoir up to this level, but the capacity of the other 
reservoir is limited only by the consideration of how high a Dam it is 
possible to build without running the risk of its crushing in by its own 
weight. The gathering ground, moreover, of the Shewla basin is little 
more than half that of the other. 

The importance of good roads for the conveyance of materials for large 
works can hardly be magnified. There are no roads at all between the 
railways and Moorbar. The only communications are country tracks and 
during the monsoon, or for four months in the year, the rivers are in flood, 


* Vide No. LXXVI., Professional Papers of Indian Engineering, Second Series, 
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and the part of the country about Shewla is altogether cut off from Bom- 
bay. In the other case the reservoir would be but three miles, and the 
dam but five from the railway, and there is a metalled road running “close 
along the greater portion of the proposed channel. 

Nearly the entire area of the land which would have to be taken up for 
the Shewla Lake consists of the best paddy fields, yielding in this locality 
large returns to the villagers. To buy land of this class would cost three 
or four times as much as to buy ordinary jungle, of which practically the 
whole of the waterspread of the lake I propose would consist. 

These points—the practicability of a high level duct, the capability of 
the extension of the supply, the necessity of good roads, and the cost of 
the land,—will be gone into more fully with reference to the Shewla Lake, 
when I explain in detail the characteristics of the reservoir I propose for 
a large scheme, 

Before leaving this part of the country, I think it as well to dispose of 
the river Kalloo, which lies to the north of Shewla. It will be seen that 
the area which drains into it is a very extensive one, and that the river 
has numerous tributaries all rising in the Western Ghats. To dam the 
course of the main stream anywhere between its junction with the Bhatsa 
in the neighbourhood of Callian, and the point near the village of Kinowlee, 
where its largest tributaries meet in conflict, would be altogether out of 
the question. The works would have to be on a gigantic scale, and the 
destruction of property would be enormous. In fact the Kalloo itself is 
utterly unsuited to our purposes, nor indeed do its tributaries offer us any 
advantages. By reference to the Map, it will be seen that the bed of the 
southernmost tributary near the village of Nandgaon, which is several 
- miles further away than Shewla from Bombay, lies more than twenty feet 
below the bed of the Moorbaree, at the spot which Mr. Aitken selected 
for his reservoir. In addition to this, there are no extraordinarily good 
sites for dams on any of the tributaries to compensate for their greater 
distance from Bombay. Knowing in fact that there is a site for a reser- 
voir at Shewla with a sufficient command of elevation over Bombay, 
and knowing that to get the same command on any of the tributaries of 
the Kalloo, must involve the cost of a greater length of channel with no 
saving in the cost of the dam, it should be clear that any investigation of 
the country lying beyond Shewla could lead to no practical result. 

Having now examined all that tract which lies south of the latitude of 
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Callian, let us return to this starting point. The valleys which remain 
to be gone over are those to the north of Salsette, besides that of the 
Bhatsa, and that of the Tansa. We will take them, too, in this 
order. 

Leaving Callian, the first valley we come to is that in which the im- 
portant town of Bhewndy stands, but it is utterly hopeless to make any 
use of it. There is no good site for a dam, as one, 60 feet high only, 
vide Plate XX XIV., would be nearly two miles long, and the compensa- 
tion for the valuable property that would be destroyed, if the construction 
of a reservoir were attempted, would be ruinous, Let us pass on to the 
next. 

The Lakewlee valley offers us a better prospect. It is thinly populated, 
it has an area of more than twenty miles, it is surrounded by high hills 
on which the rainfall must be considerable, the rocky well-worn beds of 
the stream support the inference of heavy floods, and, although no remark- 
ably good site for a dam is to be found, still there are sites which might 
answer. Its proximity to Bombay is another advantage. What detracts, 
however, considerably from its position is that it lieslow. The tide rises 
from the Tannah creek nearly up to the site of the dam, so that it would 
be impossible without raising the water by artificial means, either at 
Lakewlee, or at Bombay, or at some intermediate point to supply the 
town. A survey of the valley has been made, vide J'late XX XIV., but it 
is not my intention to submit a project for bringing water from this 
source, simply because there is another basin possessing all the advantages 
of the Lakewlee one, besides offering us a better site for a dam, and being 
practically nearer to Bombay. 

The Kamun valley, lying at the foot of the Toongar hills, and receiving . 
nearly all the rain which falls in such abundance on their western slopes, 
has an area of about twenty square miles. A dam impounding only 80 feet 
depth of water, would give us a waterspread about two and a half times 
the extent of the Vehar Lake. But like Lakewlee, the Kamun Valley un- 
fortunately lies low, for the tide washes the bed of the river at the very 
site of the dam. The Kamun water, therefore, would also require to be 
pumped before it could be made available to the town. The great advan- 
tage of the Kamun over the Lakewlee valley lies in the fact that the 
obstacle of the Tannah creek can be overcome on much more favorable 
terms in the one case than in the other. To bring the Lakewlee water 
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into Bombay, the creek must be crossed at a point where the river is 
three-quarters of a mile broad and where the banks are swampy, whereas 
in the other case the channel would cross at a point where the creek is 
only five hundred yards wide, and where there is nothing but solid rock. 
These considerations have convinced me that the Kamun valley is the 
best low level basin for Bombay, and, as it is necessary that the public 
should judge for themselves as to the advisability or inadvisability of 
carrying out a scheme involving pumping,* I have considered it my duty 
to put one before them. Further on, therefore, the reader will find full 
details of the “ Kamun Project,” and have the opportunity of comparing 
it with projects of another class. 

Beyond Kamun there remains yet another valley of the same kind, 
named Southolee, but it cannot compare with the former. It has a 
smaller gathering ground, not nearly so good a site for a dam, and it is 
farther from Bombay. I should be merely taxing the reader’s patience, 
therefore, to dwell longer on it. 

We have now passed over all the country lying to the direct north of 
*Balsette. Let us again return to our old starting point, Callian, and 
follow the course of the Bhatsa. 

Between its junction with the Kalloo and the village of Shapore on the 
Jubbulpore line of the G. I. P. Railway it would be impracticable to dam 
the Bhatsa, partly because the railway would be submerged, and partly 
because the works would be far too gigantic and expensive for the town to 
undertake. However not even at Shapore, nor in its neighbourhood, does 
the Bhatsa offer any peculiar advantages. By reference to the Map, it will 
be seen that the bed of this river to the east of Shapore, at the village of 
Sapgaon is 178 feet only above datum,. or about 78 feet above Bombay. 
This is not nearly a sufficient command of elevation for a distant reser- 
voir, and, as will be pointed out presently, not nearly so great an elevation 
as may be obtained in another basin in the same neighbourhood, but 
lying practically nearer to Bombay. In fact, to obtain a sufficiently high 
reservoir on the Bhatsa, we should have to travel many miles beyond 
Shapore, and to no practical purpose. Let us, instead, examine the only 
other valley which now remains for consideration. 

The Tansa is remarkable as being the only one among all the numer- 


© This class of project was specially recommended by the Commission on the Water-supply 
which sat in 1869, Vide page 210, of No, LXXVII., Professional Papers on Indian Engineering, 
Second Series. 
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ous large rivers discharging their waters into the sea north and south of 
Bombay, which does not rise in the Western Ghats. It has its source 
in the high hills about Khurdee and Atgaon, which rise to an elevation of 
fifteen hundred and two thousand feet above the sea. It has several 
tributaries, but these are all too small for our purposes. The only valley 
worth even a passing remark, is the one in which the village of Kamballah 
stands, but it lies much too low for a distant basin, and there are gaps 
among the hills on the margin which would require to be closed. The 
lower portion, too, of the Tansa itself requires no consideration. It is the 
upper part which arrests our attention. 

It wonld, indeed, have been strange if the bed of this river along its 
upper course had not been at a considerable elevation, but this point was 
soon set at rest. A line of levels carried from Bombay at once proved 
my inference to be correct. Not far from the village of Kandgaon the 
bed turned out to be 420 feet above datum, or 320 above Bombay, and 
even a few miles lower down, near the village of Bhowsa, the bed was 300 
feet above datum, or 200 above Bombay. Here, therefore, if a site for a 
dam and good ‘storage capacity for a reservoir could be obtained, there 
was sufficient command of elevation for all practical purposes. A per- 
severing search through dense forests rewarded our efforts. A remarkably 
favorable site for a dam was obtained, and a careful survey satisfied me 
that an enormous quantity of water could be impounded. The gathering 
grounds, morcover, proved to be far more extensive than, in fact nearly 
double, that which any other reservoir within the same distance from Bom- 
bay possessed. But of greater importance than any of these advantages 
was the additional one of the practicability of conveying the water to Bom- 
bay for the greater portion of the distance at a high level, in a conduit, 
and of thus effecting a large saving in the cost of iron pipes which, if 
adopted in any water supply project, must, do what we may, form the 
heaviest item of expense. From the Tansa reservoir it would be even an 
easy matter to throw water into the Vehar Lake, and thus, if found ad- 
visable in the future, though it need not be done at first, the Vehar Lake 
could be always kept full, so that a failure in the monsoon should be no 
matter of anxiety to the town.* 

I have now, in as few words as possible, given a general account of all 
the country about Bombay with reference to its capability of supplying 

* The importance of this should be manifest to every thinking man. 
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the town with water, and the practical conclusions to which I have arrived 
are these :— 

lst.—That the nearest valleys to Bombay demanding further inves- 
tigation are those of Kennery, which iucludes Toolsee and Ewoor, situ- 
ated in Salsette; that these valleys, lying at a considerable elevation, 
offer us the advantage of high pressure, but possess the disadvantage 
of small gathering grounds, and, therefore, of a limited supply of water. 

2nd.—That the next nearest basin to Bombay, deserving consideration, 
is that of Kamun, lying to the north of Salsette. This has the advan- 
tage of an extensive gathering ground, but the disadvantage of lying low, 
which will necessitate the cost of pumping before the supply can be made 
available to the town. 

3rd.—That to obtain abundance of water with high pressure, it is im- 
perative to go some distance from Bombay—that, on the one hand, the 
Shewla reservoir offers us a large, though limited, supply with ample 
pressure which the originator of the project, on account of the unsuita- 
bility of the line of country to a duct, proposed to render available by a 
steel pipe under pressure the whole distance tv Bombay ; that on the 
other hand, the Tansa reservoir offers us with great command of eleva- 
tion a practically unlimited supply, which can be brought to Bombay by 
means chiefly of a high level conduit. 

Again I ask the reader to suspend his judgment. At present we are 
only able to say that these are the best schemes for consideration, but 
which is the best of them can only be decided after each has been explain- 
ed in detail. The time for judgment will come when the cost and relative 
advantages and disadvantages of each project have been given; and in 
connection with these, the discussions on certain preliminary points, ¢. g., 
the form and material suitable for dams, and the relative merits of pipes 
and conduits, which have been embodied by me in separate Articles,* 
should be carefully considered. 

H. T. 


Vide Nos, LEVIII. and LXXVI., Professional Papers of Indian Engineering, Second Series. 
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No. LXXIX. 


THE KENNERY PROJECT FOR “THE WATER-SUPPLY 
TO BOMBAY.” 


[ Vide Plates XXXV. to XL] 


By Mayor Hector Tutxtocn, R.E. 


Tux Kennery valley, as will be seen in the accompanying Map of Salsette 
(Plate XXXV.), lies directly horth of the Vehar Lake. As it opens to 
the west, it is better situated to catch the monsoon rains than the Vehar 
Valley, which is sheltered in this direction by a high range of hills. The 
most convenient site for the dam—in fact, the only practical one—is a 
gorge between two hills sloping towards each other. The area of the 
watershed above this point is 53 square miles, and the bottom of the 
gorge is at the level of 203-00 feet on Town Hall Datum, or rather more 
than 100 feet above Bombay, taking the average level of Bombay at 
about 100 on datum. SBefore it can be decided how much water should be 
stored for use in Kennery, it is manifestly necessary to ascertain the quan- 
_tity obtainable from the valley. Calculations of this nature are made up 
of two factors—I1st, The quantity of water falling in the lake itself; and 
2nd, The quantity not falling on the gathering ground, but flowing off from 
it. But both these quantities depend on the areca of the lake, and this 
area, again, will depend on the level up to which it is determined to im- 
pound water, and the water stored for use will be the quantity contained 
between this level and that at which the water is drawn off. I will decide 
the latter point first. i 
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~ I am of opinion that, whatever may be the capacity of the lake, it would 
be wise to draw the water at about 270:00 feet above datum, and I fix on 
this level for a very cogent reason. It would enable us to command the 
Vehar Lake. In other words, we should be able to throw the Kennery 
water into the latter whenever it were desirable to do sc, which it ob- 
viously would be very often. For instance, the Vehar Lake might be. 
comparatively low, while the Kennery reservoir might be overflowing. To 
have the power, therefore, to save all the surplus supply might be of the 
greatest importance in the future. Now, the level of the Vehar Lake 
when full is 262°50 feet on datum, and if, as I propose, the water be 
drawn from Kennery at 270-00 feet on datum, we shall have a command 
of 74 feet. The conduit from Kennery to Vehar would be about two miles 
long, and, if we gave it a slope of about 24 feet per mile* (the reason for 
which will be explained hereafter), it would, on reaching the valley, be 
about 23 feet above the lake—a command of elevation which I think it 
would be wise to retain. Ishould not personally offer any great objection 
to the water being drawn from Kennery at 265-00 on datum, which, if the 
slope of the conduit be reduced to one foot per mile, would allow of its 
reaching the Vehar Valley with its bottom about six inches above the 
lake, but Isimply think it better not to run things too close. The higher 
the level at which we draw the water, the higher will be the level at which 
it reaches the service reservoir, and the greater will be the pressure in the 
main to Bombay. 

I cannot refrain, at the same time, from pointing out that it would be a 
grave error, in constructing any new reservoirs, if such arrangements were 
not made as would enable us to run the surplus water into the Vehar Lake. 
In fact, all fature water works for Bombay, while they may be made 
independent of Vehar, should at the same time be so constructed as to 
improve the present system by rendering it less liable to failure. 

If, then, we say that the water is to be drawn from the Kennery Lake 
at 270°00 on datum or thereabouts (for a few feet difference will not affect 
the calculations to follow), the quantities of water which can be stored for 
use may be seen from the Table on Plate XXXVI. The largest lake 
which it would be possible to form would be one with an area of about 600 
acres, involving adam nearly 180 feet high, while the smallest lake which 
it would be advisable to form would be one of about 400 acres, with a dam 


* The exact slope is 2 feet 7§ inches per mile. 
VOL. Il.—-SECOND SERIES. 21 
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180 feet high. Such a lake, as will be seen presently, will not hold much 
more than a year’s supply. 

Assuming 600 acres and 400 acres to be the greatest and least super- 
ficial areas of the lake, 102 inches to be the rainfall, 54 inches or 4} feet 
the proportion of rainfall flowing off the gathering ground, 24 feet the 
evaporation, then the quantity of water obtainable from the Kennery 
Valley will be as follows :— 


Quantity when lake is 600 acres in extent :— 
Gallons, 
600 acres x 4,840 square yards x 9 square feet, x 8} 
feet rainfall x 6} gallons in every cubic foot, -- 1,888,475,000 
2,920 acres x 4,840 square yards x 9 square feet X 43 
feet rainfall x 6} gallons in every cubic foot, ee 8,577,865,000 


4,965,840,000 
Deduct for evaporation :— 
600 acres x 4,840 square yards x 9 square fect x 2§ : 
feet evaporation x 6} gallons in every cubic foot, .. 408,875,000 











4,557,465,000 
Deduct ird for nnaccountable waste, oe a3 == 1,519,155,000 
Total number of gallons yearly, + “ es 8,038,310,000* 
Quantity when lake is 400 acres in extent :-— 

400 x 4,840 x 9 x 84 x 64 .. oe 0 == 925,650,000 
8,120 x 4,840 x 9 x 48 x 63 «oe oe ee = 8,822,3890,000 
4,748,040,000 

Deduct for evaporation :— 
400 x 4,840 x 9X 2k xX 6 .. «+ of = 272,250,000 
4,475,790,000 


Deduct 3rd for unaccountable waste, -.. oe == 1,491,980,000 


SEED CLARY 


Total number of gallons yearly, ey ee 2,988,860,000 





Thus it will be seen that, whether the lake has an area of 600 acres or 
of 400 acres, does not affect the calculation to any great extent; so that 
we may assume the total quantity of water obtainable from the Kennery 
Valley to be about 8,000 million gallons yearly, or say 82 million gallons 
daily, or nearly 18 gallons per head per diem for 650,000 people, 

* This is the method of calculation proposed by Mr. Ormiston, andI have adopted it throughout 
this report, because it has been generally accepted. Ofcourse objections may be made to it as no 
doubt he is aware, but any one who goes into the subject will find it difficult to suggest a better 


method. The truth is we have no reliable data regarding either the rainfall or evaporation, or the 
portion of the rainfall which flows off the ground, 
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The total quantity obtained from Vehar, according to the same mode 
of calculation, gives us about 3,600 million gallons yearly (equivalent to 
nearly 10 million gallons daily), and this is just about as much as is con- 
tained in the lake between the average level to which the water rises, and 
the average level to which it falls yearly.* 

The question now is, how much water can we store in Kennery® By 
reference to the Table on Plate XXXVI, it will be seen that to store 
8,000 million gallons, or a one-year’s supply obtainable from the valley, 
the surface of the lake, supposing no water to be drawn for use below 
270:00 feet on datum, must be a little below 320-00 on datum. To store 
a two-years’ supply, or 6,000 million gallons, the surface must be at about 
845-00 on datum, and to store a three-years’ supply, as has been done in 
the Vehar Lake—or 9,000 million gallons—the surface must be at about 
862:00 on datum. The bed of the river at the site of the dam is 203-00 
on datum. To get a firm foundation we may not have to excavate more 
than four or five feet, but it will be safer to say eight feet. Then the bot- 
tom of the dam will be at 195:00 on datum, and as the masonry must be 
carried about five feet above the level of the water, the total height of the 
dam to impound the different quantities of water will be as follows:— 

Feet. 

To impound 3,000 million gallons, or one-year’s supply (325°00 —195-00),...130 


To impound 6,000 million gallons, or two-years’ supply (350:00—195:00),...155 
To impound 9,000 million gallons, or three-years’ supply (367°00 —195-00),...172 


All the necessary information regarding the dam, if three-years’ supply 
from the valley is impounded, may be found in Plate XX XVII. 

Having now shown how much water can be obtained from the Kennery 
Valley, and how it can be stored, the next point for consideration is how 
to bring it to Bombay. 

I propose to do so almost altogether by help of a conduit carried through 


* In my Chapter of the History of Water-supply of Bombay, (vide page 188, of No. LXXVII., Profes- 
sional Papers on Indian Engineering, Second Series,) I have already mentioned that the average depth 
to which the surface falls is about 113 feet, Now suppose the Vehar Lake is full, the surface will be 
at 262°50 on datum, and the capacity of the Lake (vide page 185 of the above-mentioned Article), will 
be 10,800 million gallons. Suppose it falls 114 feet, the aurface will then be at 251'00 on datum, and 
the capacity of the lake about 7,200 million gallons. The quantity that will have been expended in 
the year, will, therefore, be the difference between 10,800 and 7,200 million gallons, or 3,600 million 
gallons, which it will be seen, accords with the result obtained by calculation ; the quantity lost by 
evaporation is probably equal to that which is delivered to the townin the four monsoon months 
while it is raining, when not only is the surface of the lake rising, but tke supply to Bombay is 
golig on at the same time. This supply, therefore, is not included in the 3,600 million gallons. 
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the hills by means of tunnelling. I say almost altogether, because at one 
part in the line, where the hills are at too low a level for even an aqueduct, 
we shall be compelled to lay down a syphon. The conduit* would first 
pass into the Toolsee Valley, then into the Vehar Valley, then under the 
ridge running along the eastern margin of the lake, then on to the eastern 
ridg® of the Poway Valley, where the syphon would have to be laid, and 
ultimately into a small service basin, called the Koorla Reservoir, this 
being the nearest point to Bombay where it is possible to have a high level 
reservoir at all, and which it is possible to reach from Kennery by conduit. 
The section of the proposed line of channel is given on Plate XXXVIIL., 
so that it will be seen the idea is easy of accomplishment. There will be only 
one aqueduct on the line—a small work which I need not further notice. 

I have already proposed to draw the water at 270-00 on datum, and 
to give the first two miles of the conduit a slope of rather more than 2} 
feet per mile. J would give the rest of the conduit, 54 miles long, a slope 
of one foot per mile, and the syphon, which would be a pipe 48 inches in 
diameter and three-quarters of a mile long, a slope of 5 feet per mile. 
The total fall of the conduits and syphon combined would be 14% feet. 
Thus, the conduit, leaving the Kennery Lake with its invert at 270-00 on 
datum, would reach the service reservoir near Koorla at 255°50 on datum» 
and: as the water would be 4 feet deep in the channel, its actual level in 
the reservoir would be 259-50 on datum, just three feet below the Vehar 
Lake when full. 

From the Kennery Lake to the service reservoir at Koorla, there are, as 
will be seen on Plate XXXV., two lines of channel to choose from. The 
one I prefer is that which runs into the Vehar Valley, and continues along 
the eastern ridge of the Salsette hills. The other line would run along 
the western slope of the western ridge, but it would be longer. Moreover, 
in order tu reach Koorla, it would have to cross the Vehar and Poway 
Valleys, and this is an objection to it, inasmuch as if the Vehar dams burst, 
the Kennery Channel would be carried away. By keeping to theeast of 
the Vehar Lake, the line is much more secure—in fact, almost perfectly so. 

Plate XX XIX. gives all the necessary information regarding the Upper 
Koorla Lake. It will be a small work, and has been designed simply for 
a service reservoir—s. ¢., one from which the water can be delivered to 
Bombay under pressure, and in which a certain quantity of water can be 

i 


| channel line, Plate XXXV. 
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kept for use in the event of any accident to the channel between Kennery 
and Koorla. The section of the dam is that proposed by Mr. Rankine for 
high dams. So strong a work is not absolutely required, and, if the great- 
est eeonomy is insisted on, the thickness may be reduced throughout, and 
a saving in the quantity of masonry, amounting to abont 25 per cent., may 
bemade.* But, considering the position of the reservoir, Iam inclined not 
to depart from the section given to all theotherdams. A very strong dam 
would be all the more desirable, because it is quite manifest that after some 
time, a second service reservuir would be required, and it could not be built 
except below this one, and the water impounded in it would extend up 
to the proposed dam, which should therefore be made as safe as possible. 

I would draw the water from the Koorla Reservoir at 230-00 on datum, 
so that between this and 259-50 (vide Table on Plate XXXIX.), we should 
have a stock of water equivalent to 48 million gallons, or to say nearly a 
week’s supply from the Kennery Basin. Such a reservoir would not en- 
tail a dam higher than about 65 feet. 

I would, moreover, make the conduit from Renney for the first two 
miles 6 feet wide and 6 high, and with as flat an arch as possible. The 
remaining 5} miles I would have of much smaller dimensions, with a 
waterway 5 feet wideand 4 deep. The former portion of the conduit would 
discharge 57 million gallons daily, and the latter 17. The object of 
making the conduit so large for the first portion will be seen presently. 

The quantity of water obtainable daily from Kennery is, as previously 
calculated, about 8} million gallons. The pipe, therefore, from the Koorla 
Reservoir would have to convey this supply to Bombay. A pipe, 28 
inches in diameter and one inch thick, would suffice for the purpose. 
For a section of the line from Koorla to Bombay, vide Plate XL. It is 
as favorable as could be desired’; and as there would be no difficulties of a 
special kind in laying such a line, no information beyond that given in the 
Plate is needed at my hands. Arrangements would have to be made for 
drawing the water into the pipe not only from the Koorla Reservoir, but 
also direct from the Kennery Conduit, so as to secure the greatest head 
of water possible. As a general rule, the supply would be taken from the 
conduit, and only when the conduit was under repair would recourse be 
had to the lake. 


© ‘Vide para. 22 of Mr. Rawkine's Paper. Appendix B. of No. LXVIII., Professional Papers on 
Indian Enginecring, Second Series, 
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I will now explain the object of making the conduit larger in the upper 
part of its course. Suppose the Kennery Lake were to be full during the 
monsoon, and the Vehar Lake were to be in want of a supply, and, in- 
stead of letting the Kennery water go to waste over the weir, we brought 
it to Vehar to fill the latter. The conduit would convey 57 million gallons 
daily; of this only 8} would be required to pass on to Koorla for the 
supply of Bombay; therefore, the remaining 48% gallous could be flowiug 
into Vehar. It is not necessary to point out the advantage of this. 

If the conduit required repair, the town could be supplied from the 
Koorla reservoir for nearly a week, and, when the repairs were completed, 
the channel and syphon would bring to Koorla 17 million gallons daily, 
of which 8} would travel on to Bombay through the pipe, while the re- 
maining 82 million gallons could be thrown into the Koorla Reservoir to 
refill it. In five or six days, therefore, it would be full again and ready 
for another emergency. If it be considered that a week’s supply at 
Koorla is not sufficient to retain in the service reservoir, another Reser- 
voir, with a dam about 45 feet high, could be built below the first, and 
it would hold about 180 million gallons, or more than a fortnight’s supply 
from Kennery.* Altogether, therefore, there would be a stock of water 
for emergencies equivalent to a three-weeks’ supply, and during such a 
period, extensive repairs could be completed to the channel. If the popu- 
lation of Bombay increased considerably beyond its present limits, it 
would be advisable to connect the Koorla Reservoirs with the Vehar 
Lake also, so that water might be passed from the latter into the former, 
and thus Bombay would be furgher insured against a deficient supply. The 
water drawn from, in fact lent ‘by, the Vehar Lake for this purpose could 
be returned to the lake by ‘the channel from Kennery. Thus the Vehar 
and Kennery projects, although capable ef acting independently, would be 
made at the same time to improve each other. 

Witb regard to the question of purity of supply, it is but necessary for 
me to say that the hills from which the,water would be collected, are all of 
primitive formation, and that the only possible source of pollution even at 
present is the village of Toolsee, containing merely a few,buts, which can 
be bought and removed for atrifle. I have no doubt that the Kennery water 
will prove as pure for all practical purposes as can possibly be desired. 


* It could be made to hold a month's supply, if considered dcairable, simply by mnaking the dam 
high enough: 


PLATE XL 


FROM KOORLA 


Horizontal Scale 8000 F* ¢. 
3000 spo 


Vertical Scale $00 Feet to 


Tone 
You, 


K & i 
a? ; 
a é & & Ry 
as 8 a _ & 
| a _ — Dee ek tea 
, ; ; é 
$$$ $$$ ree Sonne 
f 5M 44 oH Me Sy «= % SMILES % 
* 


H.7ulloch, Capt’, R E., 
Ex Eaguieer, Marucp? 


THE KENNERY PROJECT, 237 


I will explain the arrangement I propose in order to get rid of the 
waste water from the Kennery Lake, after I have described the Toolsee 
Project, which is so closely connected with the Kennery Scheme. I will 
explain the outlet works, which are on the same system for all the reser- 
voirs, when I come to the Tansa Project. 

It will be instructive if in this place I compare the salient points of 
the Kennery Project with the Vehar Scheme. It is obvious at a glance 
that the Kennery Valley is by no means a favorable one for the storage 
of water. The Vehar Lake, with a dam 96 feet high, has an area of 
about 1,400 acres; while the Kennery Lake, with a dam even 170 feet 
high, would not have an area of more than about 600 acres. The Vehar 
Lake is a broad expanse of water. The Kennery Lake would be a long 
narrow basin, but while the Vehar Valley required three dams before 
water would be impounded in it, one dam only would suffice for the 
Kennery Valley. In quality the Kennery water would be equal to that 
of Vehar, as both lakes draw their supply from hills of the same forma- 
tion. 

The cost of the Kennery Scheme with a dam to impound a one, a two, 
and a three years’ supply, would be as follows :— 


Estimate No. 1. 
Cost or Kennery ScHEME. 


Dam 180 feet high, and impounding a one-year’s supply, 8,000 mil- 


lion gallons, or 8} million gallons daily :— 
RS. 

2 miles of channel, 6 feet high by 6 wide, at Rs. 150,000 per 

mile, ... cis 8,00,000 
5} ditto, with a wateceay 4 foot deep by 5 ‘feet eile at 

Rs. 80,000 ditto,* ... a. 4,40,000 
2 of a mile of syphon pipe, 48 inches i in diasnetes and 1 inch 

thick,t weighing 960 tons, at Rs. 160 a ton, coe = eves 158,600 
9§ miles of 28-inch pipe, from Koorla to Bombay, 1 inch 

thick,f delivering 8} million gallons daily, and weighing 

720 tons per mile, or 6,840 tons, at Rs. 160 a ton, eee 10,94,400 





Carried forward, ... 19,88,000 
* Fide (%) note on pore 161 of No. LXXVI., Professional Papers on Indian Engineering, Second 
Series. 
+ This pipe has to resist a pressure of from 15 to 50 feet only, as it is exceptiunally thin, and, there- 


fore, cheap for its size. 
3 The pressure in this pipe will be 160 fect. 
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Brought forward, oe 

Kennery waste weir,* <a es ae ‘s ee 
Koorla Reservoir, ¢ with its outlet works, and waste weir, 
Dam 180 feet high, containing 3,280,860 cubic feet of 
rubble masonry, at Rs. 25 per 100 cubic feet, .. a 
Ontlet works at Kennery, tower being 75 feet high, (these 
works will be exceptionally expensive, ) ee oe 
Total, .. 

Add 10 per cent. for contingencies, say, .. “s 
Land, i i oe ws oe oe 

Total, .. 


present population, 
Estimaté No. 2. 


Dam 135 fect high and impounding a two-years’ supply (6,000 million 


gallons) :— ' 


Channel, pipes, waste weir, and Koorla Reservoir, as before 
—VizZ. 9 ee ee es ee ° s ee 

Dam 155 feet high, spueaninte 5,726,800 cubic feet of rub- 
ble masonry, at Rs. 25 per 100 cubic feet, .. oe 


Outlet works, tower being 100 feet high, a oe 
Total, a 

Add 10 per cent. for contingencits, say, .. oe 
Land, as ee os as os oe 

Total, a 


Or, say, 479 lakhs of rupees. 
Estimate No. 8. 


Dam 172 feet high and impounding a three-years’ supply (8,000 mil- 


lion gallons) :— 


Channel, pipes, waste weir, and Koorla-Reservoir, as 


before—viz., ar oe 
‘ Dam 172 feet high, enitainlag 7, 66s, 000 cubic feet of 
masonry, .. ee oe oe oe 
Outlet works, tower beltig 117 feet high, oe oe 
Total, on 
Add 10 per cent. for contingencies, say, ee 
Land, say, oe ee oe oe oe 
Total, oe 


Or, say, 54 lakhs of rupees. 


* This will be an expensive work. 


t If a thinner section for the dam is insisted upon than that shown in Plate XXXIX , (vide page 


235,) there will a reduction in this item, amounting to about Re. 40,000. 


Ra, 
19,88,000 
2,00,000 
8,00,000 
-8,20,000 


8,00,000 


86,08,000 


8,60,000 
50,000 


40,18,000 
Or, say, 40} lakhs of rupees for 18 gallons per head per diem for the 


24,88,000 


14,81,700 
8,50,000 
42,69,700 
4,26,800 
75,000 
47,71,000 


RS. 
24,88,000 


19,15,750 
4,00,000 
48,03,750 
4,80,250 
1,00,000 
53,84,000 
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No. LXXX. 


- 


THE TOOLSEE PROJECT FOR “THE WATER-SUPPLY 
OF BOMBAY.” 


By Masor Hecror Tuttocn, R.E. 


Tue Toolsee Valley, as may be seen by reference to Plate XXXV., is 
merely the upper half of the Nennery Watershed, and is contiguous to 
Vehar, but lies at a considerable elevation (about 200 feet) above it. Ags 
in the case of Kennery, there is only one site for a dam—a gorge between 
two hills, where the stream runs over a bed of solid rock. The bed of 
this stream is at 575:00 on datum, and therefore 1124 feet above the 
surface of the Vehar Lake, even when the latter is full, and about 275 
feet above Bombay. The area of the watershed above the site of the 
dam is 1,450 acres. In this case, as the entire lake would lice above the 
Vehar Reservoir, it is not necessary to consider the question of the level 
at which the water had better be drawn for use. If we drew the water 
from the very bottom of the lake, we should still be able, if we chose, to 
throw it into Vehar. The draw-olf level should, therefore, be determined 


eee ee 





| . ; ‘ ; . 
Copan. | Arenot Lake. | Cyt ie fee | aren of Lake, | opacity fn 

475 4:2) 4.532,000,000 430 167 615,000,000 
470 385 3.87 2,000,000 425 125 414,000,000 
465 360 3,282, 000,000 420 4 263,000,000 
460 330 2 752,000,000 415 63 155,000,000 
455 310 2,282,000,000 410 39 84,000,000 
450 275 } ROY, O00, 000 405 |} 24 41,000,000 
445 250 ] "492,000,000 395 ( 18,000,000 
440 234 1,162,000,000 375 Bed of stream. 
435 201 866,000,000 370 ~~ Bottom of foundation of dam, 
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on another consideration. ‘What is the lowest level below which the 
quantity of water stored is too small to be worth drawing for use? The 
Table* on last page shows the capacities of the Toolsee Lake. 

In my report of 1870 on this valley, I proposed to draw the water at 
409-90 feet on datum. Mr. Walton has proposed to draw it at 406:00 on 
datum. The quantity of water in the lake below these levels is not worth 
consideration, and it is not of any importance which of the two levels is 
decided upon, 

As before, in order to calculate the quantity obtainable from the Tool- 
see watershed, we must know the area of the lake, and, as in the case of 
Kennery, I will assume the largest and smallest areas. For reasons to be 
stated hereafter, I consider the largest lake it would be advisable to form 
in the Toolsee Valley should be one of about 400 acres; the smallest— 
that which Mr. Walton recommended, one of about 250 acres. Taking 
the rainfall and evaporation to be the same as in the case of Kennery, 
and the area of the watershed at 1,450 acres, the quantities of water from 
the two lakes will be 


Quantity in lake of 400 acres, superficial extent :— 
Gallons. 
925,650,000 
1,286,381 ,250 


EE eee 


400 x 4,840 % 9 x 8h x 6}. a oe 
1,050 ~ 4,840 x 9 x 44h x 6} Ow. ee oe 











2,212,081,250 

Deduct for evaporation : — 
400 x 4,8409 x 24 x 6} os wv a = 272,250,000 
1,939,781,250 
Deduct $rd for unaccountable waste, of Ss s 646,593,750 





Total number of gallons yearly, .. ee oe 1,293,187,500 


Quantity in lake of 250 acres, superficial extent :— 





250 x 4,840 x 9 x 84 x OF, oe oe = 578,531,250 
1,200 x 4,840x 9x4) x6 « ef of = 1,470,150,000 
2,048,681 ,250 

Deduct for evaporation :— 
250% 4,840x9x2)x6} .. 2. oo 170,156,250 


1,878,525,000 
Deduct ird for unaccountable waste, ws - ‘i 626,175,000 


Total number of gallons yearly, .. ay oe 1,252,350,000 
* This is prepared partly from Mr. Walton's Report of 1871, and partly from my Report of 1870. 
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The mean of these two results, or 1,272 millions, is almost exactly 
what Mr. Ormiston calculated* the supply from Toolsee to be, and this is 
equivalent to, say, 34 million gallons daily, or to nearly 54 gallons per 
head per diem for a population of 650,000. 

A reference to the Table given before will show that to store this sup- 
ply, the surface of the lake must be at about 442-00 on datum, to store 
double this quantity (2,544 million gallons), or a two-ycar’s supply, the 
surface must be at about 457-00 on datum, and to store a three- year’s 
supply, or 3,816 million gallons, the surface must be at about 470-00 on 
datum. 

The bed of the river at the site of the dam is rock, and stands on 
375:00 on datum. Let us suppose that wo have to cut away five feet of 
stone to obtain a perfectly satisfactory foundation; the bottom of the dam 
wil) then be at 370:00 on datum, and, remembering, as in the case of the 
Kennery lake, that the top of the dam must be carried five feet above 
the level of the water, the height of the dam to impound the different 
quantities of water will be:— 


Feet 
To impound 1,272 million gallons, or a ees supply (447-00 
— 370°00), .-. 77 
To impound 2,544 million gallona, or a two- years’ " supply (462: 00 
— 370-00), .. 92 
To impound 3,816 million gallons, ora a three-year! supply eis 00 
— 37000), ee ee ee ee ee 105 


The only source of pollution in the oolsee Valley is the village, which 
of course would have to be removed. The water would then be as pure 
as that from Vehar. 

As compared with Vehar, it will be seen that Toolsee Valley does not 
offer us much of a supply, nor would the lake, with a dam as high as the 
main Vehar Dam, make a waterspread of more than about one-quarter 
the area of the present lake. 

To bring the Toolsee water to Bombay, the cheapest plan would be to lay 
down a pipet which, as it need not be more than 21 inches in diameter 
and three-quarters of an inch thick, would cost less even than a masonry 

® Vide page 6 of his‘' Memoranda as to‘ the Toolsee Scheme.” He calculated the quantity at 1,908 


million gallons without deducting for unaccountable waste, which, on his assumption of ¢rd would 
reduce the supply to 1,269 million gallons. 


+t No survey hés been made specially to show the line of pipe, but it is hardly necessary for me to 
say that there will be no difficulty in laying down the line. It should run along the eastern margin 
of the Vehar Lake and along the eastern ridge of the Poway Vallcy, and #0 on to the village of 
Koorla, from which point it would run as shown in ate XL. 
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conduit, Another advantage which a pipe in this particular instance would 
give us, would be that we should be able to supply all the high localities 
of Bombay under pressure, and without the help of pumps. 

Of course, if the Kennery Project were carried out in conjunction with 
the Toolsee Scheme, it would be absurd to go to the expense of a special 
iron pipe from Toolsee to Bombay. In such a case the Toolsee water 
should decidedly be thrown into the channel from Kennery to Koorla, and 
this could be done at a trifling cost, inasmuch as the channel would 
pass close to the Toolsce Lake. The conduit and syphon, already pro- 
posed for the Kennery Scheme, would be capable of carrying more than 
this extra quantity of water. 

The outlet works, if the two schemes were carried out together, would 
be of the character to be described when I come to the Tansa Project ; 
but if the water were drawn by a pipe, they would be of the character 
proposed ky me in 1870, vide Plate XXX. . 

But whether the Tuolsee Scheme were carried out by itself or in con- 
junction with the Kennery Project, I would sti!l arrange the works so as 
to be able to pass the surplus water at will into either the Vehar or the 
Kennery Valley, and thus to fill whichever of the lower lakes might 
happen at the tie to be in want of a supply. 

If the Iennery Lake were full, I would on no account—not even if 
the Vehar Lake were full also—pass any water from Toolsee into the 
Kennery Valley. The surplus water in such a case had far better be 
thrown into the Vchar Lake. My object in drawing attention to this 
point is to avuid the expense of a large waste weir in the Kennery Valley 
which, indeed, is not at all suited to such a work. Now the Vehar 
Valley admits of the construction of waste weirs to great advantage. 
There are several spots round the margin of the lake admirably situated 
for works of this kind, and notably one behind the present Municipal 
bungalow. Here a large weir could be constructed, to pass off the sur- 
plus water from the Toolsee Valley, at a much Jess cost than one of half 
the size at Kennery, and the water would escape down a natural stream 
and cause no damage. At Kennery the water from the waste weir would 
escape down along the foot of the dam, and it would be well to reduce 
this quantity of water as much as possible, otherwise special works at 
considerable cost would have to be carried out to prevent the dam being 
injured. In fact, I would arrange, so that the Kennery waste weir should 
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be able to discharge the surplus water from the lower portion only of the 
valley, and’ never would I even allow the whole of this quantity to pass 
over -it, as I would carry off as much as possible by the channel and 
throw it into the Vehar Lake. 


Estimate No. 1. 


Cost or Too.tskE SCHEME. 


Dam to impound a one-year’s supply, 1,272 million gallons, or 34 


million gallons daily :— 
RS. 

17 miles of 21-inch pipe, one inch thick, weighing 560 tons 

per mile, or, 9,520 tons, at Rs. 160 a ton, 32 ee = 15,23,200 
Waste Weir, .. a ss - ane ‘3 i 75,000 
No. 1 Dam, 77 feet high, containing 459,700 cubic feet 

of rubble masonry, at Rs. 25 per 100 cubic feet, ws 1,14,925 
No. 2 Dam (vide Plate XX.), will not be required, 
No. 3 Dam, a small work, .. ws < sa ds 70,000 
Outlet works, tower being 50 fect high, .. os ee —s«1, 00,000 


Tn ee eee 


18,83,125 


Add 10 per cent, for contingencies, say, .. es =o 88,875 
Land, say, oe o. es ee oe 50,000 


Total, eo e 2 l 22,000 


Or, say, 213 lakhs of rupees for 54 gallons per head per diem for the 
present population. 


Estimate No. 2. 


Dam impounding a two-ycars’ supply 2,544 million gallons :— 





RS. 

Pipe as before, as re os a és ee 15,23,200 

Waste weir as before, a ar és as ae 76,000 
No. 1. Dam, 92 fect high, containing 774,700 cubic fect of 

rubble masonry at Rs. 25 per 100 cubic feet, ee =: 1,983,675 

No, 2. Dam, an insignificant work, oe ‘a os 10,000 

No. 3. Dam, containing 1,386,400 cubic fect, ze -- 93,46,600 

Outlet works, tower being 65 feet high,  .. o. -» = 1,25,000 

22,738,475 

Add 10 per cent. for contingencies, say, .. ++ —-2,27,525 

Land, say, re a - oe oe 50,000 

Total, «+ «+ 25,01,000 


Or, say, 25 lakhs of rupees. 
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Estimate No. 3. 


Dam impounding a three-years’ supply, 3,816 million gallons :-— 


Or, say, 28 lakhs of rupees. 


Pipe as before, oe 
Waste Weir, as before, ae 
No, 1. Dam, 105 feet high, containing 1 001 600 able feet 
of rubble masonry, oe oe oe oe 
No. 2. Dam, a small work. .. a oe 5 ; 


No. 8. Dam, containing 1,911,200 cubic feet of aAGbnee. 
Outlet works, tower being nearly 80 feet high, .. 


ee ee 


Add 10 per cent. for contingencies, say, .« 
Land, say, 


Total, ee 


RS, 
15,23,200 
75,000 


250,040 

70,000 
4,77,800 
1,55,000 


25,51,040 
2,51,960 
50,000 





28,038,000 


H. T. 
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SALAR JUNG BAH‘ DUR 


No. UXXXI. 


THE EWOOR PROJECT FOR “THE WATER-SUPPLY 
OF BOMBAY.” 


[Vide Plates XLI. to XLII] 


By Mayor Hecror Tuttocu, R.E. 


Tue next valley to consider is that of Ewoor, which (vide Plate XXXV.) 
lies to the north of Tuolsee, being separatod from it by a high range of 
hills. It is by no means so well suited to the storage of water as either 
Kennery or Toolsee, and consists of one small and two larger valleys, the 
jatter being divided bya ridge (vide Plute XLI.). The upper part 
of the middle valley is very flat, but there is no site for a dam, and the 
gathering ground is exceedingly limited, boing hardly a square mile in 
area. There are two practical ways in which a lake might be formed in 
Ewoor. The first is by damming the streams in each valley separately, 
the second is by damming the northern stream by itself, and the two 
southern streams below their point of junction. In the first case, three 
dams would be required, and, in the second, only two. But to be of any 
use, the dams must be very high, as will be seen presently. Whether 
the project of two or that of three dams were adopted, the arca of the 
watershed would not differ to affect our calculations, so that it may be 
taken at about 4} square miles, or 2,720 acres. It would not be advis- 
able to draw the water at a lower level than 430-00 on datum, as the 
capacity of the lake below this point is very small. The area of the largest 
lake it would be possible to make would be about 900 acres, and the area 
of the smallest lake it would be advisable to have would be 450 acres. 
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Taking the rainfall and evaporation to be the same as before, the quanti- 
ties of water obtainable from the Ewoor Valley in the two cases would be :—= 
Quantity when area of lake is 900 acres :— 


Gallons, 
900 x 4,810 % 9 x 83 x 63... as = 2,082,712,500 
1,820 x 4,840x 9 x 44 x G}.. = 2,929,727,500 
4,812,440,000 
Deduct for evaporation :— 
900 x 4,840 x 9 x 24 x 6}... « a = 612,562,500 


8,699,877 00 


Deduct jrd for unaccountable waste, os oe 1,233,292,500 
Total number of gallons yearly, a o. 2,466,585,000 


Quantity when area of lake is 450 acres :— 








450 x 4,840 x 9 x 83 x G6] a ‘i = 1,041,856,250 
2,270 x 4$,810 x 9 X 44 X 6} es ‘is — 2,781,033,750 
3,822,390,000 

Deduct for evaporation :— ; 
8,516,108,750 
Deduct {rd for unaccountable waste, oe oe 1,172,036,250 


Total number of gallons yearly, .. es oe 2,344,072,500 

The difference is not great between the two results, so that we may 
assume 2,400 million gallons yearly, or say 64 million gallons daily (equi- 
valent to 10 gallons per head per diem for the present population of 
650,000), to be the supply obtainable from the Ewoor Valley. 

By reference to the Table on Plate XLL, it will be seen that, to store 
this quantity, the surface of the lake must be, in the case of the reservoir 
with two dams at about 460-00 on datum, and, in the case of the reservoir 
with three dams, at about 46400 on datum. To store double this quan- 
tity (4,800 million gallons), or a two-years’ supply, the surface of the lake 
in the two reservoirs must be at 476-00 and 481:00 on datum, respective- 
ly; and, to store three times this quantity (7,200 million gallons), ora 
three-years’ supply, the surface must be at 490-00 and 495-00 on datum. 

If we suppose the bottom of the foundation of the dam to be six feet 
below the bed of the stream, which runs over rock, it will be at 345:00 


(ontours on Datum . 
dieu uv: Acres 


! 
{| $20 | 967 


$30 |\s/019 


ll 5v0 | ase 
| S00} ez2 
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on datum, and, if we suppose the masonry to becarried five feet above 
the surface of the water, the height of the main dam to impound the 
different quantities of water will be:— 


Reservoir Reservoir 
with 2 Dams. with 3 Dams. 
Feet. Feet. 
To impound 2,400 million gallons, or a one-year’s 
supply (465 ~ 345) and (469 — 345), .. -» 120 124 
To impound 4,800 million gallons, or a two-years’ 
supply (481 — $45) and (486 — 345), ..  .. 186 141 
To impound 7,200 million gallons,, or a three-years’ 
supply (496 — 345) and (500 — 845), .. -- 150 155 


These dams are not so high as those required to store a one, two, and 
three years’ supply in the Kennery Valley, but the supply from Kennery 
is greater than that from Ewoor in the proportion of 3,000 to 2,400 
million gallons yearly, or of 13 to 10 gallons per head per diem for the 
present population. To compare the heights for the absolute quantities 
of water stored, the dams in the two valleys, to store 3,000, 6,000, and 
9,000 million gallons, would be about the same height—130 feet, say 150 
feet, and say 170 feet. All the necessary information regarding the dams 
is given on Plate XLII. 

There is a small village, named Ewoor, which would have to be remove 
ed in the event of this valley being utilized, and, if this were done, the 
water would be of the same character as that from the other sources in 
Salsette. 

I would draw the water from the Ewoor Lake by a channel, as the 
cheapest and best method. If a pipe were adopted, it would require to 
be 27 inches in diameter and, in order to resist the pressure of nearly 500 
feet, 1} inch thick. Such a pipe would cost about 1} lakhs of rupees a 
mile, and would deliver but 64 million gallons daily; while a channel 
with a waterway four feet deep by five wide would cost Rs. 90,000 a 
mile, and would, with a slope of one foot per mile, carry 17 million gal- 
lons daily to Koorla. 

Plate XX XV. will show the course ‘tiah the channel would take, ang 
Plate XLIII. is a section of the line. The Ewoor Lake lying as it doeg 
at a considerable elevation above Vehar, a great slope could be given to 
the channel. If, for instance, the water were to be drawn at 430-00 on 
datum, as previously proposed, there would be an available fall for the 
six miles of channel to Vehar of nearly 170 feet. Such a slope amounts 
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to more than 28 feet per mile, and a channel of the above dimensiors 
with this fall would discharge more than 90 million gallons daily, but 
the velocity of the stream would exceed 500 feet per minute, or say § 
feet a second—more than any conduit should, in my opinion, be sub- 
jected to. 

It will be seen in Plate XLIII. that, instead of this great slope, one 
of only a foot a mile has been given to the channel, and I will explain 
the reason. 

If the Ewoor Project were ever to be carried out, I think the same 
principles should be borne in mind as, I have endeavored to explain, 
should guide us in the Kennery Scheme. In describing the latter, I pointed 
out how important it would be to construct the works, so that they should 
be independent of Vehar, but still arranged in such a way as to add to 
the security of the existing supply. And I recommended that the chan- 
nel from the Kennery Lake should, for the first two miles of its course, 
have not only a greater slope, but a greater section, in order that, if the 
Kennery Lake were full, a considerable quantity of the waste water might 
be passed into the Vehar Lake to get it full also. 

Now, with regard to the Ewoor Lake, I have shown that an enormous 
fall is available for the channel, and that, if we chose, we could, without 
even enlarging the section, deliver a great quantity of water to Vehar. 
But I would not recommend this course, It must already be evident to 
every one that the time will shortly arrive, if it has not done so already, 
when, in order to add to the water supply of Bombay, we shall be compelled 
to make a high level reservoir beyond Salsette.* Such a reservoir must 
have a high level channel along the range of hills lying to the west of 
Kolset, Tannah, and Bhandoop; and it would be a grave mistake not 
to construct it at such a level that it should command Vehar. Now, 
such a channel must follow as nearly as possible the course of the last. 
94 miles of the Ewoor Conduit,t shown in Plate XLIII. This being 
the case, and supposing that the Ewoor Project were carried out, then 
I think it would be very wise to give the portion of the Ewoor channel 
lying above the Vehar Lake, 5} miles long, a much larger section than 

® Tsay high level, because, as the reader will see further on, the best project, with a low level reser- 
voir—viz., Kamun—cannot compare with projects of the high level reservoir class, either for con- 
venience or cheapness. Under these circumstances, there is not a great probability of such a pro- 


ject being carried out. . ; 
+ The reader will see the force of all this when hecomes to the Tansa Project. 
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the rest—a section 6 feet wide by 6 high. Such a channel would dis- 
charge 36 million gallons daily. The first 1} miles of conduit from the 
Ewoor Lake should have a fall tc deliver the same quantity at least 
into the lower channel. But I should prefer to give it even a greater 
slope than this—in fact, the greatest slope possible without incurring 
the risk of the velocity of the water injuring the channel. As we have 
an excessive slope at our command, it may be convenient, especially as to 
do so will entgil no additional expense, to arrange for drawing as much 
water as we can from the Ewoor Lake. The greatest velocity which the 
stream might have is about five or six feet per second, and a channel 
having a waterway five feet wide and four deep, with the latter velocity 
would deliver 64 million gallons daily, and would require a slope of 14 
feet per mile. As the portion of channel with this slope would not be 
more than 1}4 miles long, the total fall, when it reached the lower level 
conduit, would be 21 feet, and as the lower conduit at the point of 
junction with the upper, would be at 268-25 on datum, and the upper 
conduit, starting from the lake at 430-00, would be at 409-00, the water 
would have to be dropped, say, 140 feet. 

Thus, then, the arrangements which I would make regarding the 
channel are as follows:—It would leave the Ewoor Lake at 430-00 on 
datum, with a slope of 14 feet per mile, and a waterway five feet wide by 
four deep. After running for 1} miles, it would suddenly drop about 
140 feet, and start again on its course at 268-25 on datum, with a slope 
altered to one foot per mile, and a waterway six feet wide by six deep. 

Qn reaching its point of junction with the Kennery Channel* (near the 
Vehar Lake) it would be at 262-50 at datum—~i. ¢., exactly the level of 
the lake when full. From this point it would follow the course of the 
Kennery channel precisely, and so arrive at the Koorla Reservoir, with its 
invert at 255:50 on datum, and the level of the water in the Koorla 
reservoir would be as before—viz., 259-50 on datum, or three feet below 
the surface of the Vehar Lake. 

If the Kennery and Ewoor Projects were carried out conjointly, one 
conduit from the point of junction of the two channels would suffice, inas- 
much as that proposed for either (with a waterway jive feet wide by four 
deep, and with a slope of a foot per mile) would be capable of discharging 
the supply from both. 


© Vide PlateXXXV, The poiat of junction in this Plate should be higher by about half a mile, 
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Now let us see what the effect or working of the proposed arrangements 
would be. ; 

If the Ewoor Lake were full, and it were considered advisable to throw 
the surplus water into Vehar, the channel would bring down 36 million 
gallons daily, and as 64 millions only would be required for the daily 
supply to Bombay, the remaining 294 million gallons could be thrown 
into the present lake. And when the time came to construct a high 
level reservoir beyond the island of Salsette, the portion 6f the Ewoor 
Channel along the eastern slope of the Tannah range of hills and up to 
Vehar, a length of five and a quarter miles, would be ready to hand, and 
would answer for the project perfectly, and without further outlay. If, 
on the other hand, the channel from the Ewoor to the Vehar Lake were 
constructed of a smaller size, and, in order to get the same discharge, an 
uniform slope of twelve feet per mile were given to it, and this could 
easily be done, then the channel would not work in with, or be of any 
use to, the future projects. It would be far above the level to which it 
would be possible to bring the water from any distant reservoir.* 

The surplus water which might not be required for Vehar could be passed 
over a waste weir down into the lower portion of the Ewoor Valley ; but as 
this weir would be of the ordinary kind, it is unnecessary for me to dwell 
on it. 

The outlet works at the Ewoor Lake would be similar in character to 
those proposed for the Tansa Reservoir, and described further on. Special 
arrangements of the same kind would also have to be made for dropping 
the water from the upper into the lower conduit, or this might be effected 
by letting the water down a series of steps. The hill at the site of the 
proposed works is exceedingly rocky, and therefore well suited to the pur- 
pose.f 

The upper Koorla Reservoir would answer just as well for the Ewoor 
as for the Kennery Project, and having already described it, nothing 
farther need be said on the subject. 

From the Koorla Reservoir a pipe 26 inches in diameter would ‘be 
required to Bombay, and this should be at least one inch thick. The line 
along which the pipes would run is shown in Plate XL. 


® This will be evident to the reader after the desoription of the Tansa channel. 

¢ Another modeof bringing the water down from the upper into the lower chunnel would be to 
erect a turbine or other form of water engine, and to apply the force of the water to some useful pur* 
pose. Six anda half mullion gallons falling through 140 feet would beequivalent to more than 175- 
horse power. 
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Estimate No. 1. 


Cost or Ewoor ScuHeme. 


Main dam being 124 feet high, and impounding one-year’s supply, 
2,400 million gallons, or 64 million gallons daily :— 


5} miles of channel, with a water-way 4 feet deep by 5 feet 
wide, at Rs. 80,000 a mile, as ee ae ee 4,20,000 
5} miles of ditto, 6 do. by 6 feet wide, at Rs. 1,50,000 a mile, 7,87,500 

94 miles of 26-inch pipe, from Koorla Reservoir to Bombay 

1 inch thick, weighing 650 tons per mile, or 6,175 tons, 
-at Rs. 160 a ton, ‘3 ee ee re - ee 9,88,000 

4 mile syphon pipe, 48 inches in diameter, and 1 inch thick, 
weighing 960 tons, at Rs. 160 a ton, ee ri «> 1,58,600 
Waste Weir, .. 0s oe we wee 1,285,000 
Koorla Reservoir, with its outict works and waste weir, .. 8,00,000 
Works to take the water from the upper to the lower channel, 1,40,000 





29,14,100 

Main Dam, 124 feet high, containing 6,260,600 cubic feet, at 
Rs. 25 per 100 cubic feet of rubble masonry, wa -- 15,65,150 
No. 3 Dam, es oe a ee ss oe ee 1,61,000 
No. 4 Dam, oe os ee oe or oe ee 2,21,000 


Outlet works, .. ee ee os a oe «» 2,00,000 


50,61,250 
Add 10 per cent. for contingencies, say,.. oe »» 5,06,750 
Land, ee ee ee oes ee ee oe 50,000 


are 


Total, «+ ++ 56,18,000 


Or, say, 56} lakhs of rupees for 10 gallons per head per diem for the 
present population. 


Estimate No. 2. 


Main dam being 141 feet high, and impounding two-years’ UPPIY> or 
4,800 million gallons :— 
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BB. 
Excepting Dams and outlet works, other works as before, viz., 29,14,100 
Main Dam, 141 feet high, containing 8,300,000 cubic feet, at 
Rs. 25 per 100 cubic feet of rubble masonry, .- . 20,75,000 
No. 8 Dam, oe oe a ee ee ae oe 2,51,000 
No. 4 Dam, oe ae ee ae x ee ee 8,20,000 
Outlet works, .- oe os oe ee is es 2,00,000 


57,60,100 
Add 10 per cent. for contingencies, say,.. ee «e 5,76,900 
Land, say, ee os we oe “se e» 75,000 


2 otal, oe ee 64,12,000 


Or, say, 64 lakhs of rupees. 
Estimate No. 3. 


Main dam being 155 feet high, and impounding three-years’ supply, or 


7,200 million gallons:— , 
BS. 


Excepting Dams and outlet works, other works as before, viz., 29,14,100 
Main Dam, 155 feet high, containing 10,743,000 cubic feet of 

rubble masonry, at Rs, 25 per 100 cubic feet, ae ee 26,85,750 
No. 3 Dam, oe oe oe es os oe e» 8,51,000 


No. 4 Dan, ee ee ee ee ee ee ee 4,09,000. 
Outlet works, .. = os +s os a e» 2,50,000 
66,09,850 

Add 10 per cent. for contingencies, say,.. oe e» 6,60,150 
Land, .. oe s ae ee ee e» 1,00,000 


Total, oe oe 73,70,000 
Or, say, 732 lakhs of rupees. 


If in place of enlarging the channel for 54 miles, it were decided to 
have a conduit with a waterway five feet wide by four deep all the way 
to Vehar, and with a uniform slope of 12 feet per mile, the cost of each 
of the above projects would be reduced by about 42 lakhs of rupees. 

If the project of two dams in place of three were adopted, the cost 


would be enhanced as follows :— 
BS. 
Project for one-year’s supply, as before, ee oe ee 56,18,000 
Add for additional cost of dams, .. oe ve es 6,00,000 


Total, ..  .. 62,18,000 
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RS 
Project for two-years’ supply, as before, oe a »» 64,12,000 


Add for additional cost of dams, oe “e oe ee 7,59,000 
Total, ae «. 71,71,000 





Project for three-years’ supply, as before, .. os e» 73,70,000 
Add for additional cost of dams, oe ea oe «+ 10,09,000 


Total, oe «>» 88,79,000 


In these three cases the quantities of water impounded would be slight- 
ly in excess of those obtained by the construction of three dams, but the 
practica] difference is not worth consideration. The greater cost is caused 
by No. 2 Dam (vide Plate XLII.) rene more expensive than Nos. 3 
and 4 Dams taken together. 

H. T. 
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No. DXXXII. 





THE VEHAR LAKE EXTENSION PROJECT FOR “THE 
WATER-SUPPLY OF BOMBAY. ”) 


By Mason Hecror Tuttocn, R.E. 


I nave now shown the capabilities of the only two valleys* in Salsette 
which can be rendered useful for the supply of Bombay. The quantity 
of water to be obtained from Kennery is about 3,000 million gallons, and 
that from Ewoor is 2,400 millions yearly—the total from the two valleys 
being 5,400 million gallons yearly, or nearly 15 million gallons daily, or 
23 gallons per head per diem for the present population. 

I have also shown how high the dams in each valley must be to im- 
pound respectively a one, two, and three years’ supply. Ihave, moreover, 
hitherto assumed that the water obtainable in each valley should be stored 
in that valley ; but it is manifest that this need not be done in practice. 
I wish now to discuss the question, whether it is possible and preferable 
to store the water elsewhere. 

As the Ewoor Lake lies considerably above both Kennery and Vehar, 
no water from these two latter valleys, nor indeed from Toolsee could be 


thrown into it. Therefore to impound more water in Ewoor than can 


be supplied from its own gathering ground is not possible. 
Some of the water from Ewoor might be thrown into the Toolsee Lake, 


but this lake is a very small one, and it stands in such a position to 
Vehar as to render very high dams objectionable, so that it will not be 
able to hold more than a three-years’ supply from its own gathering 


ground. 
* Jam inoluding Toolsee in Kennery: 
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The Ewoor water conkd likewise be thrown into Kennery ; but for his 
luke aleo, as the reader is aware, a dam of 155 feet high is required to 
impound a two-years’ supply from its own gathering ground only. It is 
out of the question, therefore, to arrange for it to store a surplus supply 
from Evwoot. 

There is only one alternative left to consider, and I am of opinion that, 
if it were feasible, it would be best to collect all the water from the Sal- 
sette Valleys into the Vehar Lake. This could not be done by raising 
the prosent dams. It would be the height of folly to attempt such a thing; 
but let us see if new dams could be substituted in place of those now 
existing, New dams might be built behind the present Nos. 2 and 8 
Dams, but the lake would probably have to be emptied to make the work 
safe. It would, however, be impossible to build a new work behind No, 1 
Dam. On the western side this dam rests on the slope of a hill which is 
only just wide enough to give ita hold. A Dam immediately behind % 
would have nothing to rest against at all. Finding this to be the case, 
the idea occurred to me that it might be better to abandon No. 1 Dam 
altogether, and, in place of it, to build two dams lower down the valley— 
in fact, in the positions originally selected by Mr. Conybeare for what he 
termed his “‘ Large Reservoir.” By reference to the Contoured Plan* of 
the Vehar Reservoir, the positions of these dams, which were called No. 
8 and No. 4 Dams, will be seen. Sections of the valleys at these points 
have been taken by me, but I regret to say the project has not turned out 
& promising one. It was, indeed, on account of the heavy nature of the 
work which these dams would have entailed, that induced Mr. Conybeare 
to advocate the construction of the smaller lake, and the building of what 
is now called No. 1 Dam, which in Mr. Conybeare’s Plan (as in the Plan 
above quoted) was called No.5 Dam. He proposed that these dams should 
be only 80 feet high, and, moreover, added that ‘the high-water level 
might be increased to 84 feet, but not higher, without inconvenience.” 

Now, I calculate that if the Vebiar Lake were made to hold a three- 
years’ supply from the Kennery and Ewoor Valleys in addition to the- 
three-years’ supply from its own gathering ground, which is what it holds 
at present, the surface of the lake would have to be raised 25 feet above 
its present level. In addition to this, the surface of the ground does not 


Fd 
® Vide Plate XX., of No. LXXVII., Profesajonal Papers on Indian Engineering, Second Aeries. 
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give us a prospect of a solid foundation for any of the dams at a less depth 
than about 15 feet. It follows, therefore, that the two dams which would 
have to be built behind the present Nos. 2 and 3 Bams, which are about 
50 feet high, would require to be 90 feet high, and the two dams to be 
substituted for the existing main dam, which, as it stands, is 90 feet high, 
would require to be 130 feet high. Nor is this all, for there is a ridge 
between these latter dams which is lower than the proposed level of the 
lake, so that a long dam would be required here to prevent the water es- 
caping. There are also one or two other spots round the margin of the 
lake which would have to be embanked. Altogether, the cost of these 
works—about 72 lakhs of rupees—would be so out of proportion to the 
benefits to be derived from them, that we may look upon it as a hopeless 
task to attempt to store much more water in Vehar than it holds at pre- 
sent. The money that would be required for the new dams could be used 


to far better purpose otherwise. 
H. T. 
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1. Objects proposed.—It is proposed to investigate in this Paper’ 
the Problems of Srapitiry and Streners or Masonry ‘Well-foundations 


tn quicksand. . 

These are Problems of great practical importance, as the Piers of most 
of the Railway Bridges over the great Indian rivers are in general simply 
large Masonry Wells sunk in many instances in quicksand beds. 

[This Paper is intended to be a complete investigation of the whole Problem (aw 
far as the present state of science admits), with the final results in a form immediate» 
ly suitable for caloulations of the practical Engineer ; all “ results” are accordingly 
either reduced to simple algebraic formuls or to “simple statements of fact,” and 
numbered seriatim. All detailed mathematical investigations are separated into an’ 
Appendix. ° 

A complete numerical solution of one actual Example is given Art., 57, 69, with full 
references (for all formule used) to the Text, so that no difficulty should occur to the 
practical Engineer in applying the principles and formule of this Paper to practice]. 


9, It may be premised that the particular practical case which gave rise to this 
investigation was that of the Well-foundations of certain Bridges over the Ganges, 
Ramgangé, Sai, Gumti and Garrd Rivers on the Oudh and Rohilkhand Railway. 

The Bridge over the Ramganga has been selected as an example in illustration of 
the Methods and Formule of this Paper, as being one of the most unfavonigble cases, 
the soil being simply quicksand. 

An outline diagram of one of the Piers is given (Plate XLIV., Art. 57). It will be 
seen that the Pier is sunk 75 feet below the cold weather bed of the stream, and it is 
supposed that in the worst floods scour might take place tc a depth of 60 feet. The 
greatest surface velocity is believed not to exceed 16 feet per second. 

The Girders of the Bridge expose a lurge surface (817 square feet from Pier to 
Pier) tothe Wind. The Piers themselves are liable to the shock of Drift Timber 
Logs, and Rafts, and of laden Boats. The numerical data are taken from the official 


Railway Records. 
Summary of Results. 


§. In consequence of the length of this Paper, it is considered advisa- 
ble to give a general summary of the Results. 





«| Art: eae Brief Statement of Results. 











5 A : ae Pier in a sy ag cerentt vi a co bed 
may fail in four ways, viz., by sinking, sliding, tilting, or map- 
ping: these give rise to four distinct probleme, oe 


The data for these Problems very imperfect. 


SzcTion L~— 
BTRODUCTION.| © 
aq 


oT 


Secrion L—brrropucrion. 
( Continued.) 


Secrion If.—Vermca, Forces. 





Sxorion I.—Hor- 
ISONTAL ‘FORCES, 


Art. | Result. | Brief Statement of Results. 


9° 


(3) 
(6) 


(7) to 
(12) 
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A proper numerical solution at present impossible. 

Useful generalizations may however be certainly drawn, and 
a numerical solution may be found on certain hypotheses. 
These are the objects of this Paper. 


The Problem treated as a Statical Problem. 
Impact can only be imperfectly allowed for. , 


The External Forces divisible into two sets of parallel forces, 
viz., Vertical, and Horizontal (parallel to stream). 





The Total Friction developable from the subsoil is alone suf- 
cient to support the Weight of the Well. 


Quicksand can:at great depths bear very great direct pres- 
surg, ahd also yield great tangential resistance, and is there- 
foré semi-solid. 


Water-percolation does not. affect the “Whole Pressure” of 
the upper courses of Masonry on the lower: that “ Whole 
Pressure ” is always simply the Weight of those courses, 


Water having access to a Well’s base exerts an upward 
pressure equal to the Weight of the fluid displaced, which is 
wholly conducive to Instability (of Rotation). ‘ 

In questions of Vertical and Rotary STABILITY this is 
conveniently allowed tor by reducing the “ effective heavi- 
ness”? of the :mmersed masonry by 624 ths. per cubic foot. 


Water-percolation scriously reduces a Well’s TRANSVERSE 
STRENGTH. 

The Masonry of the Wells should. therefore be set in good 
cement, and bonded vertically with iron ties. 


The Vertical subsoil Re-actions, both “ Direct’ and Friction- 
al, always set upwards, and are always conducive to INSTABI- 
LITY. 


There appears danger of Wells failing 3y sinking under the 
peculiar action of the Disturbing Forces after full scour has 


taken place. 
Experimental data not available for a numerical estimate. 


Records of Wind-pressure for India very imperfect. 7 
Maximum Wind-pressure in Oudh is 40 tbs. per sq. ft., and 
in Lower Bengal 50 Ibs. per sq. ft. 


Formule for Total Wind-Pressure, and Moment of the same. 


Laws of Current-pressure complex, and imperfectly known. 


x 
. 
‘ . 
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a 
Section. Art. Result. | Brief Statement of Results. 
I : 
d 28 Subsurface velocity varies as abscisse of a parabola whose 
g ordinates represent depths. 
4 29 18 New and simple formula proposed for Subsurface Velocity, 
B ~ | to to and for Intensity, Total, Centre, and Moment of Current-pressure 
is ss 39 29 {on Well and on Drift Mass. 
Nz 
Be] 41 34 The Disturbing Forces increase both the up-stream and down- 
Ow 
ue stream Horizontal Re-actions of the soil, and raise the centre of 
[|S pressure of the former and depress that of the latter. 
pad . 
= 43 Wells should be sunk below level of “no motion” of sub- 
Z soil, 
E This level is in this Problem the “virtual bed’? of the cur- 
3 rent. 
wm 
45 Problem of Rotary Stability is cofhplex, and resembles that 
of Stability of ships. 
46 Point chosen as “ Centre of Moments”’ indifferent. 
The Re-actions of soil cannot be disregarded (as in Structures 
on rigid Foundations). 
48 | (38) | Resultant Moment of alg the Vertical Forces is a Moment of 
Stability. 
49 | (89) | Increased sinking increases the Moment (of Instability) of 
' the Disturbing Forces, and also the available Resultant Moment 
% (of Stability) of Horizontal subsoil Re-actions, the latter in a 
rl higher ratio. 
> 3 40) | The Horizontal subsoil Resistance is the chief element of 
B * | (41) |Stability of Rotation, and the Pier’s Weight is a comparatively 
Ra unimportant element. ; 
| | a. | (41) | Stability of rotation can only be secured by deep sinking. 
> 
= | 50 Stability of rotation cannot be with certainty namericall 
So estimated for want of experimental data on nature of subsoil 
3 re-action. 
2 rs 
wa 51 By making certain hypotheses a highly probable numerical 
value may be fouud for the intensities of pressure on the soil 
caused by the Disturbing Forces. 
m b4 | (49) |, Formule for Total of, also for Mean and Maximum Intensi- 
55 | (68) |ties of, Horizontal subsoil Resistanee on these hypotheses. 
BB It rests with the practical Engineer to decide in each case 
whether a particular soil can bear these pressures. 
87 Example—Pier for Ramgangé Bridge. Maximum pressure- 


intensities on subsoil found. 
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eatin Art. [eeu | Brief Statement of Results. 








LEDS TTL I LL LLL LLL ITED 


61 The Plane of Greatest stress lies at a short distance below 
‘ the current bed, probably about } of depth of sinking. 
The Stresses at this plane only require investigation, 


62 No reliance should be placed on vertical Tenacity of Masonry 
simply set in mortar. 


65 | (54) | Formule for Greatest, Mean, and Least Stress-intensities at 
(54a) |plane of Greatest Stress. 


, 68 Slender Piers suffer some Tensile Stress nearly throughout 
their length. Such Piers if simply set in Mortar are danger- 
ously liable to fail by opening of joints under Tension ; they 
should for safety be tied with vertical Iron Tits throughout. 


68 A solid cylindric pier is one of the weakest forms as regards 
Transverse Strength. 


SECTION V.—TRANSVERSE STRENGTH. 


69 Example.—Dicr for Ramganga Bridge. Longitudinal Stress- 
intensities found. 
This Pier is strong enough if tied with vertical iron ties 
throughout, but if simply setin mortar its Transverse Strength 
is doubtful. 





4. Practical Conditions.—The great rapidity of the large Indian rivers 
in flood, and the shifting nature of their beds (often quicksand) lead to 
the practical condition that | 


1°. “The natural waterway must be as little as possible diminished by introduc- 
tion of Piers,” and consequently 


2°. “Tho Piers must be as slender as is compatible with the requisite Sta BILITY 
and STRENGTH.” 


5. Srasiwiry and Strenata.—The consequence of these particular 
practical conditions, viz., ‘a slender Pier in a rapid current over a quicksand 
bed” is that the complete Treatment of the Problem requires the consi- 
deration of a number of elements most unusual in Masonry Structures, viz. 
of the distinct problems of Stanizity and Strenatn, and moreover of 
several distinct forms of the former. In fact the Wells appear liable to 
fail in four distinct ways, specified below, each of which gives rise to a 
distinct Problem as stated. 

















No, Manner of failing. Problem of 
1 | By sinking as a whole, Vertical Stability. 
2 | By sliding as a whole, Lateral Stability. 
8 | By tilting over as a whole, Rotary Stability. 
4 


By cross-breaking or snapping, Transverse Strength. 


- 


262 . ON WELL-FOUNDATIONS. 


[Liability of failare by Shearing is omitted from the above enumeration, as it is 
matter of practical experience that solid Masonry stractures do not fail by shearing 
across under Transverse Strain]. 

It appears that Well-foundations as hitherto constructed haye usually 
failed by tilting over as a whole, ¢. ¢., by want of Stability of Rotation. 
This Problem will therefore receive especial attention, see Section iv. 

6. General interest of the Problems.—It is very seldom that so many 
distinct manners of failure really require consideration in Masonry Struc- 
tures. The present Problems presents in consequence considerable interest 
even from a theoretical point of view. : 

{The Problem asset forth in its generality is an almost untried one. The author 
has had the advantage of consulting a Report on a portion of the general Problem 
{made for information of the Ouih and Rohilkhand Railway), by E. Bell, Esq., C.E. 
Mr, Bell’s Report deals solely with the Problem of TRANSVERSE STRENGTH. Mr. 
Bell considered the Problem of STABILITY at present insoluble. 

The author has had the advantage of discussing the general Problem of STABILI- 
TY with Mr. J. Elliott, M.A., Mathematical Professor, Muir College, Allahabad, and 
is much indebted to him for advice. The general treatment of the difficult question 
of Friction (Art. 21) is due to Mr. Elliott]. 

7. Imperfection of the data.—The chief difficulty attending this prob- 
Jem is the great imperfection of the practical data, and particularly of the 
two following :— 

(1). Laws of Current pressure. 
(2). Laws of Resistance of subsoil. 

The laws of the former are imperfectly known, but so little is known of 
those of the latter, that (as will appear in the sequel) it is simply impossi- 
ble (at present) to produce with real certainty any definite numerical solution 
of any of the four Problems proposed in Art. 5. = 

Nevertheless (as will appear) many useful generalizations may be cer- 
tainly drawn from a critical discussion ; further by adopting certain pro- 
bable hypotheses as to the nature of subsoil Resistance, ala numerical 
solution of the Problems may be obtained. 

This Paper aims therefore 

(1). At establishing useful generalizations. 
(2). At definite numerical solutions of the Problems upon certain 
probable hypotheses as to nature of subsoil resistance. 
External Forces. 


8. The External Forces : may be divided into two gets ; (1), APPLIED 
Forces; (2), Re-actions, which are of course developed by the former. 
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The Applied Forces are of two kinds— 
1°. Verticat: these are simply the Weight of the Superstract ure 
and Structure. 

2°. Horizonrat or nearly so: these are 
(1). Wind on the Superstructure. 
(2). Wind on the Piers. 
¢3). Impact of floating Drift. 
(4). Current on floating Drift caught by the Piers. 
(5). Current on the Piers. 

It is convenient (for brevity) to class the whole of these last under 

the general term ‘‘ Disturbing Forces.” 

The Re-actions will be considered hereafter. 

General Treatment. 

9. The first question that naturally presents itself is the following :— 

‘Ig the Problem to be treated as a question in Dynamics (Kinetics), 
or in Statics” ? 

Inasmuch as the “ Disturbing Forces” (Wind, Current, and Impact of 
Drift) are all vires vive, the proper scientific treatment would be as a prob- 
lem in Kinetics. The question would thus present itself in this form :— 

“Ts the Potential Energy of the Re-actions equal to the Kinetic Energy 
of the ‘ Disturbing Forces.’ ” 

The estimation of Energy would require that a// the co-efficients of elas- 
ticity of the masonry and subsoil should be known. As these co-efficients 
are however quite unknown, the problem cannot (at present) be solved 
in this form. 

Two of the Disturbing Forces, viz., Wind, and Current, have however 
been reduced (by experiment) to equivalent Srarican Pressurss, so that 
as far as these are concerned, the Problem may be treated as a question in 
Statics (i.¢., of equilibrium). 

No such experimental reduction has however been made in the case of 
Impacts of ‘solid bodies (e. g., Drift-masses) so that the effect of Impact 
cannot really be included in a solution as a case of Statics, and for the 
reasons before given the Kinetic solution is also impossible. 

An imperfect equivalent for the ¢fect of Impact, but one which will pro- 
bably meet all practical requirements, is to substitute a ‘‘ Mass of floating 
débris” as caught against the Well and there exposed to the full power. 


of the current, so that “ Impact” is replaced by a StaticaL Pressure. 
N. B.—The size and shape of this hypothetical floating mass must be assigned as 
a purély empirical question, by the practical Engineer. Theory affords absolutely 
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no guide to this assignment. A mass presenting 100 square feet broadside to the cur- 
rent has been assumed in the Example, Arts. 57 and 69. 


The whole of the Disturbing Forces having been thus reduced to Sta- 
tical Pressures, the Problem may now be treated as one in Statics. | 

10. It will be assumed that— 

“ Piers should be designed to meet the case when the Disturbing Forces 
“ simultaneously attain their maxima, and also set in the same direction 
‘“« (down-stream ),”’ sng, 


[This is obviously the condition most unfavorable to the Piers, for under any other 
condition the Disturbing Forces will be either—(1) actually not at their maxima 
or (2) partially counteracting each other]. 

11. Resolution of the Haternal Forces.—The Vertical Forces are 


necessarily ‘a parallel system.” The Disturbing Forces may be assum- 
ed (with sufficient accuracy for this Problem) to be horizontat‘in,direction, 
and by the limitation to the case of their setting in the same direction 
(Art. 10) they become “a system of parallel horizontal forces.” More- 
over in symmetrical Wells (the usual case), the Ditairbing Forces may be 
assumed (with sufficient accuracy for this problem) to be symmetrically 
distributed about the vertical axis of the Well. It follows that 


1°, The resolved parts—across the stream’s direction—of the action of the Dis- 
turbing Forces on the curved outline of the Well d¢¢ance,eagh other. 
2°, The Resultants of each of the Disturbing Forces pass through, othe Apel 


Inasmuch as the Re-actions must be equal and aa to t Applied 
Forces, they may be similarly classified. 

It follows that the “ External Forces ” may (for aa aoe od re- 
duced to-two sets of “ parallel forces,” visi Shoe 

1°, A-set of vertical forces, Mee. ti 

2°. A Beh of horizontal forces (parallel to the stream). Mes < ae 

It is convenient to consider the Vertical fad Horizontal Forees j gepa- 
rately; ‘antin the order indioged 1 in the Table of Contents, qs Uy; sete 

cm 


“0 


4 ncnos ib — VERTICAL Fypott: af 


12, | Vets Foré dig assed. —The question, of ite « effective heavi- 
nees” of simersed- masonry is ally.@ very serious one, as enormously 
: ‘effecting the quantdiy M f onty requisite to Stability. As this is a 
qaestion on which fae’ tho#$ Opposite opinions have been advanced, it will 
be disenssed at sofia length, Consider all the verticel forces :—these are* 


* tt Sareea to antinae upigrd Forces as positive ; all Weights being downward Forees are 
tery negey, ‘ 


We 





tle 
+ ane ’ 


SEC. Il.—=VERTICAL FORCES. 265 


1°, The WEIGHT of the Pier, ( — W). 
2°. The WATER-PRESSURE, upwards or downwards on all parts to which 
fluid has access from below or from above respectively, (W’). 

3°. The RE-AcTION of the soil, upwards, (R). 

4°, The FRICTION (F) between the sides of the Pier and the soil, upwards or 
downwards, according as the tendency of the Vier is at any moment to sink deeper 
or to rise (vertically)—or the vertically resolved parts of the partial Frictions on all 
sides of the Pier, when the tendency to motion is not vertical. 


Then, clearly at all times when the Pier is neither sinking nor rising, 
the following equation obtaind 
— Wt Ro + W’  F = 0 eescccccvccccecceceee(L), 
1g. E.cperimental evidence.—The chief difficulty attending this part 
of the favestigation is the want of experimental evidence on the nature 
of “internal subsoil pressure.” The following are apparently the only 
known data: as experimental evidence is the basis of all scientific in- 
vestigations, they will be made the basis of the present investigation. 
The inferences which will be drawn from them should be carefully consi- 
dered, as most of this’ investigation is simply the necessary conclysion 
from those ‘‘ inferences ” as premisses. 


It appears that :— 
(1). In some Wells the water has been known to stand at a higher level (during 
the petiod of sinking) inside the Well than outside it. 
Inference. It follows that in those cases,— 
1° Quicksand, even at great depths, permits thorough permeation of water, so 
that water has acvese to the dase of Wells in quick-sand. 
2°, The “internal fluid pressure ”’ at the base of the Wells was somewhat greater 
than the “ hydrostatic pressure ” (of, the water). 
Also in sang§ Wells— 

S@)x It has been found, during the period of sinking, that the Weight # the (then 
holiew) Well was got sufficient to cause its own sinking, even when al} direct support 
from the subjacent soil had bee® removed (by the removal of that soffl) ; and further, 
that the Weight of the (hollow) Well tégether with the heaviest Weight (of many 
tons of dron rails) that can in practice be laid ot the Well is (after #gking a great 
depth) not stificient emake the Well sink further, even when all direct #fpport from 
the subjacent soil has beer#xemoved (by removal of that soil), iw fact that all practi- 
cally available mechagieal appliances eventually fail to produce fi er sinking. 

Inference.—Bince by the removal of the subjadént soil; its gerect Re-ac- 
tion ceases, 7, ¢., R = 0, hence — W + W'+ X=: o, in such cases: thus 
it appears that: — ‘aye FO 

8°. The Total Weight (W) of the Well @ad its superstructure were supported 
solely by the upward Water-pressmre (W') and Friction (F). 
4°, The Total Vertical Friction (F) which can thus be developed in support 
of the Pier is very great. 
VOL, IlL—-SECOND SERIES, 2 N 
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5°, The Total Normal Pressure of the subsoil against the sides of the Pier (by 
which cause alone can the Friction be developed) must be very great indeed, 
6°. Quicksand is able, at any rate at great depths, to sustain very great direct 


(normal) pressure, 
7°. Quicksand, although thoroughly permeable, by water (even at great depths, 


See Inference 1°), is at great depths capable of exerting considerable “ Tangential 
Resistance ”, (to which property alone the Friction is due), and is therefore at such 
depths a “semi-solid,” or very imperfect fluid. 

[.8.—Sensibly perfect still fluids (¢. g., still water) exercise no sensible Tangen- 
tial Resistance. ] 

The great practical importance of some of these ifferences, especially 
1°, 4°, 6°, 7°, will appear in the sequel. . Ss 

14. Internal fluid-pressure.—The law of variation of “iaternal pres- 

s e : % ) 

sure” in current fluid is involved in equations which have not yet been 
solved. It is however known in a general manner that pressure decreases 
with increased velocity, so that “ internal fluid-pressure” in current fluid 


is generally less than the hydrostatic pressure. 

It appears nevertheless (sce Inference 2°) that the “ internal fluid-pres- 
sure” at the base of some of the Wells has been known to be somewhat 
greater than the hydrostatic pressure (of the water): this is probably due 
to the quicksand being a sogt of “imperfect fluid,” of greater density 
than water. . 

It appears therefore that it will be a sufficiently-gpproximate method 
for the present problem to estimate the “internal subsgoil fluid-pressure”, 
(i. ¢., of the quicksand or mixture of sand and water) as the same as the 
“ hydrostatic pressure ”’ of the water alone. | 

[At the same time that the difficulty of estimatifg “intetual fluid-pressure ” of 
current fluid is thus avoided, it is evident that some,allowancc has been sade for 
semi-fluidity of quicksand : as to the sufficiency of this allowance, be it observed 
that the allowance required can hardly be very great, as it seems difficult to imagine 
that the subsoil could supply the great Total Friction known to be-developable 
(Inference 4°) unless its state of aggregation at great depths was more approaching 


to that of a solid than a fluid (see Inference 7°). 
On this particular hypothesis, no further notice need be taken of the “semi-fluidity” 


of the quicksand}. 
15. Water-pressuré.—Still water is (unless absolutely confined) ca- 


pable of yielding and also of transmitting only its proper ‘“ hydrostatic 
pressure” (neither more, nor less than that due to its depth), and that 
only uniformly and in all directions at once, and cannot therefore trans- 
mit either variable Pressure, or any Tension. 

Further there is (necessarily) an upward Water-pressure on all parts 
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to which fluid has access from underneath, (which might be supposed to 
diminish the “effective weight” of the masonry above,) but as this is - 
necessarily accompanied by a simultaneous and equal downward Water- 
pressure on the parts belew, (to which the fluid of course has access from 
above,) it follows as a regultant effect that the 

‘Whole Pressure of each horizontal Stratum on those below is simply tts own 
Weight”,—or in other words 

“Permeation by water does not alter the TOTAL PRESSURE of the upper courses 
of Masonry on the lower” (although, as presently shown, it may greatly alter the 
distribution of that Pressure), 

16. Effect, of Water-pressure on Stability.—As nevis STABILITY 
(both Vertical and Rotary) of the Pier as a whole, also as regards Sta- 
BILITY (of both kinds) of the part above a fracture (should complete frac- 
ture occur below water level), the uvard Water-pressure exerts an upward 
‘‘ Re-action” against the base and parts to which it has access from below, 
which is equivalent to reducing the “effective heaviness ” of the immersed 
masonry by about 62:5 Ibs. per,eubic foot (the “heaviness ” of water). 

([N.2.—This may he conveniently allowed for (in questions of Vertical and Rotary 
Stability only) by estimating the'Weffective heaviness” of immersed masonry as 624 
lbs. per cubic foot less than that of masonry in aig, It must be borne in mind how- 
ever that this method is suggested solely for cofvenience in numerical calculation. 
It must be carefully remembered that the “ whole weight” of masonry, and also the 
‘whole upward Water-pressure, ” are distinct forces, the former wholly effective in 
producing STABILEY, the latter wholly effective in producing INSTABILITY. ] 

17. Egfect of Water-pressure on Transverse Strength. 

In any case, the Water having access to the base of the Pier (see Infer- 
ence under 1°) yieldean upward Pressure (viz., its “hydrostatic pressure”) 
uniformily distributed ovgrthe base. This effects Transverse Strength to 
the extent that the distribution of Stress throughout the Pier must be 
such thatthe Pier shall yield a downward Pressure on its base, which 
must not be less at any point of its base than that ‘‘ hydrostatic pressure”, 
(but may be greater). 

18. The Transverse Strength is further affected as follows— 

1°. Ifthe Pier be impervious to water. 
2°. Ifthe Pier be in parts permeated by water. 

1°, Pier impervious.—If the Pier be impervious to water, the state of Longitudinal 
Siress throughout the Pier is only affected as above stated. 

2°. Pier pervious :—If the Pier be partly permeated by Water :—then inasmuch 


as a solid Pier under Transverse Strain (due to the applied Forces of Wind and Cur- 
rent) is at any horizontal plane “ in a state of Longitudinal Stress ” which is generally 
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supposed to be uniformly-varying with the distance from a certain ‘neutral axis’ in 
that plane ; it follows (from the nature of fluid-pressure, v. supra) that, should water 
have access to any portion of such a plang, then (when equilibrium is established), 
the distribution of the Longitudinal Stress is completely altered over that plane, there 
being substituted over the wetted portion the uniform “ hydrostatic pressure’, so that 
the algebraic difference between the previous Stress (on that portion) and the hydro- 
static pressure must now be borne by the remaining solid material at that plane. - 

It is easy to see in a general manner that the effect is usually unfavorable to Trans- 
verse Strength, especially if the Transverse Strain be so great as to cause actual 
Tension on one side of the Pier, as the permeation of that side would greatly increase 
the Tension on the remaining solid material (because the fluid is unable to transmit 
any Tensile Stress): unfortunately this is the very Stress which the Material (Ma- 
sonry set in mortar) is least fit to bear, and the side in Tension is at the same time the 
most liable to percolation. 


Practical Remark.—It is therefore very desirable that the Masonry 
“should be set in good cement, and bound with vertical (longitudinal) iron 
‘ ties, so that water percolation may be prevented both during the period 
“of sinking, and as a permanency.” 

[It will be assumed throughout this Investigation that this point has been attended 
to, and that the effect of Water-percolation on Transverse Strength (which would be 
‘yery complex in detail) need not be considered]. ae 

19. Vertical Re-actions of the soil.—These are of two kinds :— 

I, Direct—exerting direct upward pressure on the base. 
II, Tayoentrat—being the vertical portion cf Friction on the sides. 

It seems irfipossible to separate the effects of these two (none of the 
experimental data being available): the consideration of these effects pre- 
sents considerable difficulty (when the Pier is under the action of the 
Disturbing Forces) except as a statement of general principles. 

A Pier not under lateral applied Forces simply tends to sink vertically, 
so that the Vertical Re-actions are distributed, and for the case of a sym- 
metrical solid Pier (the usual case in practice) are distributed uniformly 
(1) the Direct Re-action (R) over the base, and (2) the Tangential Re- 
action (Friction, or F’) around the Pier, and set upwards, their sum being 


R+F=W-W. 


It seems sufficiently evident that the only effect of the Disturbing 
Forces (being horizontal) on the vertical Re-actions is—so long as equili- 
brium holdse—to alter their distribution and therefore to alter the position of 
their Resultant, but not to alter the magnitude of that Resultant which 
remains at the same amount, viz., (W’ + R + F) <= W, otherwise the 


a 
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Pier would sink or rise, as 8 whole, vertically, which would destroy its use 
as a support for Girders. 

Observing now that the Upward Waater-pressure (W’) is for a very slight 
displacement (tilting) of the Pier a quantity sensibly constant, and that the 
Weight of the Pier (W) is also a constant, it follows that 


“The Total Vertical Re-action of the subsoil (R -++- F) is constant for a very slight 
displacement (tilting) of the Pier,” 


tie, (R + F) = W—W’ a constant quantity .....- .....(2), 
But it seems almost impossible to separate these forces R, F: it is known 
(seeArt. 11—(2)) that the Total Vertical Friction (F') developable is in 
the absence of the Direct Re-action (R = 0) of itself sufficient to support 
the Weight of the (hollow) Pier together with the heaviest Load that could 
in practice be laid on it—when not under the action of the Disturbing 
Forces. Nothing else is certainly known. 
20. Direct Vertical Re-action of the soil.—It was shown (see In- 
ference (5)) that quicksand is at great depths capable of sustaining great 
pressure and therefore of yielding great direct Re-action (R). 


[¥.B.—Althqugh in the course of sinking, the subjacent soil is continually removed, 
so that the Pier does not then rest on the soil, still it seems alniost certain that the 
contact of the soil with the base of the Pier is eventually renewed either by the final 
hearting of the Pier with concrete, or by the imperfectly fluid quicksand eventually 
refilling any vacancy that may be left below the Masonry]. 

It has been explained (Inference 7°) that quicksand is at great depths 
probably a sort of very imperfect Auid ; reasons were given (Art. 14) for 
assuming that a sufficient allowance had there been made for the “ fluid- 
resistance” of the quicksand, and for assuming it was at great depths other- 
wise a semi-solid capable of sustaining considerable tangential stress, and 
therefore also capable of bearing direct pressure of varying intensity, and 
therefore also of yielding Direct Re-action of like varying intensity. 

The general effect of Lateral Forces applied to a Pier resting on such a 
material (as supposed) would be to alter the distribution of the pressure (of 
its Weight) on that material, viz., to diminish the pressure on the near side 
atid increase it on the far side, thereby throwing the Resultant Pressure 
towards the far side; the direct Re-action of the soil would of course exact- 
ly follow suit: and this effect would go on increasing with an increase of 
the Applied Forces to an extent depending on the actual power of the 
subsoil of sustaining varying pressure. 


But inasmuch as it seems impossible to suppose that the quicksand can 
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be in a state in any way approaching sensible rigidity (as for instance of 
rock foundations), it follows that there is a limit to the extent to which 
the variation of pressure-intensity o@& proceed, and that the Resultant of 
the Direct Resistance of the soil on the base can never approach very near 
the far edge (with which it would eventually sensibly coincide in a very 
firm foundation) but must always fall considerably within the base. 

Hence, observing that the Re-action is an upward Force, the following 
important result : 


“The Direct upward Re-action of the soil is always conducive to ee (3) 
“lity”? (of rotation), ......0 Sadeauee serestaceavdaeiueciices bicuechaavequscaesceueens ; 

21. Tangential Vertical Re-action of the soil_—This is the vertical por- 
tion of all partial Frictions around the pier. 

[ N.B.—This Re-action is in the present problem a very important one, as the experi- 
mental evidence (sce Art. 13) is to the effect that it alone may support the Weight 
of the Pier together with the heaviest Load that can in practice be laid on it. 

‘ It is known that Friction is a Tangential Force between particles of material that 
are in mutual contact, and always opposite to the direction of incipient relative motion. 

In a symmetrical solid Pier not under the action of Lateral Forces the partial Fric- 
tions are (as already observed, Art. 19) wniformly distributed around the Pier and set 
upwards, 

But can they ever sct downwards? It has been suggested* that when under the 
action of Lateral Forces, they can and do set downwards, and even with such inten- 
sity as to neutralize the upward Water-Pressure. If true, Friction would be a most 
important element in producing STABILITY (of rotation). It seems therefore advis- 
able to discuss this question somewhat fully]. 

The first effect of applied Lateral Forces will be to diminish the pres- 
sure of the soil on the near side, and increase it on the far side, thereby 
diminishing the vertical friction-intensities on the near side, and increasing 
them on the far side (inasmuch as the friction-intensities are proportional 
to the pressure-intensities); and this effect will go on increasing as the 
lateral applied Forces increase until the instant of incipient motion. At 
that instant every particle of masonry on the near side is about to rise, but — 
in such a manner that it tends to move altogether away from all the imme- 
diately contiguous particles of soil, and not tangentially along them (in 
which case only could Friction exist), so that the following important 
result follows :— 


“ All friction (in every direction) ceases all over the near side at the 
“ instant of incipient motion “ SASSO HOSSHESSSCHSSHCHOCHREESSHES COHEEHEED PUKE HSEESE LECH OE : 


© By B. Byrne, Eeq., Oudh and Rohilkhand Railway, Lucknow, in “‘ Calculations of Stability °’, of 
certain bridges, 27th May, 1872. 


SEC, I].—-VERTICAL FORCES. 271 
a 


This will be evident from the figure where the particles of masonry P, P’ clearly 
tend to move in the direc- 
tion Pp, P'p’ (at right angles 
to OP, O'P' which are per- 
pendiculars from P, P’ on 
the line OO’ (the aris of ro- 
tation), so that OP, O'P’ are 
radii of, and O, O' centres of 
motion of the points P, P’), 
i. ¢e.,.anay from all contigu- 
ous particles of soil, (and not 
to slide over them). 

[A common beer-botile is 
avery good model in illus- 
tration ]. 

Kinetic friction.—It seems 
probable that, at the same 
time that the Picr tends to 
move (as a whole) away from 
its contact with the soil on 
the near side (%. ¢., side of 
application of the lateral 
Forces), the soil being quick- 
sand tends to fill the vacancy, 
and so renew the contact ; 
the particles of sand in so 
moving probably fall, 7. e., impinge in a somewhat downward direction against the 
masonry, thereby expending part of their downward “ vis viva” (Energy of motion) 
on the mass of the Pier, and also causing downward “ friction of motion’’, which 
is of course conducive to Stability. 

The nascent velocity of the impinging sand-particles will however be very small, 
so that their nascent downward Impact and the simultaneous nascent downward Kine- 
tic Friction will also be very gmail, and should be neglected in comparison with the 
large Forces in action. 





The state of the Frictional Forces over the far side is more difficult to 
form a clear conception of. In the state of incipient motion (round the 
point O in the far edge of the base), every particle of masonry on the far 
side tends to rise and at the same time press harder on the contiguous 
soil, so that true sliding of the masonry over the sand tends to take place: 
true Friction is thus developed,—opposite at every point to the direction 
of incipient motion of that point, and proportional to the pressure at that 
point, and therefore—generally diferent both in direction and intensity at 
every point of the far side. Resolving these partial Frictions vertically, 
the following important result foliows— 
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“At the instant of incipient motion, the partial vertical Frictions are —) 
at the diametral plane which lies across the stream (i. e , perpendicular to the 

direction of the applicd lateral Forces), and increase in intensity towards—~ (5). 
and attain a maximum at—the far vertical edge of the Pier’’ 


The actual distribution of the vertical friction-intensities, and the actual 
intensity at any one point are entirely unknown. There is a natural limit 
to the maximum friction-intensity, viz., that due to the maximum pressure- 
intensity which the soil can bear. 

It is possible that,—at the same time that the distribution of vertical 
Friction changes as explained,—some of the partial vertical frictions 
may set downwards; it is possible also that their Resultant (I) may 
change in magnitude; but, whatever that change may be, the equation 

R + F = W — W’ (a constant quantity), 
must certainly obtain at all times, (otherwise the Pier must sink), ¢. ¢., 
the Resultant Vertical Re-action of all kinds (R + F) must be unchang- 
ed both in magnitude and direction. 

It is obvious from what precedes that the Resultant (F) can never 
approach to coincidence with the far edge of the Pier, but must always 
fall within the base. 

Observing also, that it is hardly possible that the Direct vertical Re- 
action (R) of the soil (quicksand) could of itself sustain the whole down- 
‘ward pressure (W — W’), there follows the important result— 


* The Resultant Vertical Friction always sets wpmards, and is ee 
conducive to Instability’, 


t. . (6). 


SHOOK CHCHHOHSS SHOHEOHTESHH*ESeeeSSReseeHeHSHOgesesaeae 


Vertica, Srasitity—STABILITY OF SINKING. 


22. It is clearly essential to the use of a Pier that it should not sink 
further, once the superstructure is commenced. 

As there seems (to the author) danger of Piers in quicksand sinking fur- 
ther under the peculiar action of the applied Forces, the question should 
receive consideration. 

Assuming that the Wells are sunk till mechanical appliances fail to 
sink them further, and also that the superstructure is put on before the 
maximum scour has taken place, (an almost certain event, as the supposed 
maximum scour might not occur for years,) it is known that the actual 
depth of soil sunk through can yield sufficient vertical Resistance (Re- 
action) of all kinds (i. ¢., both direct upward Pressure on the base, and 
upward Friction on the sides), to support the greatest Load (say W) that 
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has ever been placed on the Pier, so that at that time (previous to maxi- 
mum scour) the equation — W + W’ + R+ F =o, certainly obtains, 
_ But when full scour has taken place, many feet (sometimes 50 feet) in 
depth of the soil which previously supplied the Total vertical Friction (F'), 
are completely removed, and the remaining subsoil (still in contact with 
the Pier) is probably much rednced in cohesiveness—(both by the removal 
of the superincumbent sand, and by more thorough water-percolation)— 
and therefore in power of yielding direct pressure whether on the base, or 
on the sides (by which latter pressure alone can friction be developed). 
But the action of the “ Disturbing Forces” is further unfavorable to 
Srasitity (of this kind), because they tend to alter the distribution of the 
partial vertical Re-actions—both Direct and Frictional,—which the soil 
must supply, by accumulating the greatest intensity of those Re-actions 
towards the far side—so that though the soil is called on to supply only 
the same Total Vertical Re-action (R + F = W — W’") as before, it has 
to supply it in a far less favorable manner, viz., by supplying pressure 
(upwards on the base, normal on the sides) of far greater intensity in the 
neighborhood of the far (down-stream) side than before. There is of 
course a natural limit to this, viz., the greatest pressure-intensity which 
the soil can supply, after full scour has taken place. If the partial pres 
sures caused by the external Forces anywhere exceed this, motion must 
take place, ¢. ¢., the Pier must sink. , 


[The experimental data required for properly estimating numerically the greatest 
pressure-intensity that the Disturbing Forces will cause are entirely wanting. An 
attempt will be made on certain hypotheses later ]. 
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Winn. 


28. Wind-tntensity.—The data for maximum intensity in India are 
very defective. There are as a rule* no self-registering anemometers at 
tlie Indian Meteorological Stations from which the ‘“‘ Maximum Wind- 


pressure” eould be inferred. There appear to be such only at Calcutta 
and Lucknow. 


* As appears from the replies to queries addressed by the author to the Surveyor General of 
India, and to the Meteorological Reporters of Madras, Bombay, Bengal, North-West Provinces 
and Punjab. 


VOL. Il——SECOND SERIES. 20 


174 ON WELL-FOUNDATIONS. 


From the records* of these anemometers it may be fairly assumed that 
the Wind will occastonally reach a Maximum whose “ Statical equivalent’ 
is 50 ibs. per square foot in Lower Bengal; 40 ibs. per square foot in Oudh. 

24. Total Wind-Pressure.—lIt is considered sufficiently accuratet (in 
Design of Structures) to Estimate Wind-pressure as horizontal and of 
uniform intensity at all moderate heights, also to estimate as followst for 
effect on curved Piers, 


Total Wind-pressaure (parallel to Total Pressure on a Ver- 
Wind's direction) on a Vertical} = § of tical diametral plane } ....0. (7) 
cylinder or conic frustum, broadside to wind, .. 


Then if w' = Maximum Wind-pressure in pounds per square foot. 
Aa = Area of Girder-surface exposed to Wind in square feet. 
Ax = Area of Vertical Diametral section of Pier exposed. 
Pq = Total Wind-pressure on Girders. 
*Py = Total Wind-pressure (parallel to Wind) on Masonry exposed. 
Pa Se '. AG cscssscsscssenees Fccesscusuceistite Sina naleaets .(8) 
Pap = 5. 0! Aye cssccccscsccesees onccvcorcccvcececes o encconssenscerseces(D) 
25. Centres of Wind-pressure.—lIt follows from the preceding that— 
1°. The Centre of Wind-pressure on Girders is near the middle of 
their height, when the Girders have (as would usually be the case) straight 
flanges, and have tolerably equal areas of metal (exposed to the Wind) 
on either side of their mean line (‘ neutral surface”). 
2°, The Centre of Wind-pressure on the Piers is the centre of gravity 
of the exposed vertical diametral section. But inasmuch as in practice the 
taper of the Piers is usually very slight, this point is near the middle of 
the height of that exposed section. 
It is considered that it will be sufficiently accurate for the present Prob- 
jem to assume that-— 
“The Centres of Wind-pressure on the Girders and Piers are at the middle 
of their heights,” ...... seaisds weet aauleuanedesveneecsdeatesivenes seduacsssbekcccesauovseasecs ve } (10), 
26. Moment of Wind-pressure.—It follows from the preceding that 
this may be expressed in the following simple manner :— 
1°, semeeye — = 5 “te of Ginter sore canre a oe (11). 


Total Pressure x height of mid- 
= dle of exposed area above > .. (12). 
centre of moments, .. a 


2°. Moment of Wind-pres- 
‘* gureon Piers, .. 


e athens from Meteorological Reporter of Bengal, and Superintendant of Science Department in 
Oudh, in Appendix, 
tes t Rankine’s Applied Mechanics, Art. 216. 
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Current-pressure and tts Moment. 


. 297. It is known that Current-pressure varies as square of velocity 
which is itself variable with the depth. 
It follows therefore that neither Total Current-pressure nor its Moment 
can be expressed by any such simple means as in the case of Wind- 
pressure. 


It will be necessary first to investigate formule for the subsurface velo- 
city, and thence for pressure-intensity, Total Pressure, and Moment. 


(The formule about to be given have been constructed by the author for this Prob- 
lem, and are, it is believed, now proposed for the firstg@jme : their detailed construction 
is given in the Appendix in order that the Engineer may satisfy himself of their 
earrectness ; the results alone are given in the Text so as not to interfere with the 
discussion on the practical points involved |. 


Subsurface Velocity. 


28. The extensive experiments on the Mississippi and its affluents have 
conclusively shown* that ‘subsurface velocity” varies according to such 
a law that it may be represented by the abscisse of a parabola whose 
ordinates represent depths below a certain line, (which is generally the 
line of greatest velocity, and delow the surface). 


This will be understood from the velocity-diagram (Fig. 2, Plate XLIV.), which 
clearly represents to the eye the law of variation with the depth. 

It may be here stated that other Engineers have for this very problem assumed other 
laws of variation of subsurface velocity, e. g., it has been proposed 

1°, To assume the “ bottom velocity ” as that which will just move sand, and the 
“ mid-depth velocity” as the same as that given in Hydraulic Tables as “Bottom 
velocity ’ corresponding to the given “ Surface velocity ’’, and to consider the velo- 
city between these points as uniformly varying, or— 

2°. To assume as “Bottom velocity” that given in Hydraulic Tables as corres- 
ponding to the given “ Surface velocity ”, and to consider the intermediate velocities 
as uniformly-varying. 

[No. 1° is that adopted by E. Byrne, Esq., Resident Engineer of the Railway. No. 
2° is adopted by E. Bell, Esq., C.E.] 

Neither of these assumptions appear to be warranted by any experimental evidence. 
It may be noted that with the same data of surface, bottom, or intermediate velocities, 
the parabolic theory will always give the largest result for the Total Current-Pressure 
—it iseasily seen from the figure (Fig. 2, Plate XLIV.), that the parabolic area encloses, 
t, ¢., is larger than any area formed with same data by simply joining extremities of 
the lines representing given velocities (7. ¢., asif the velocity were uniformly-varying). 


* Report on Physics and Hydraulics of the Mississippi, by Capt. A. Humphreys and Lient. H. L. 
Abbot, 186), pages 234, 287. 
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29. The complete determination of the sub-surface velocities, or, which 
is the same thing, the construction of the representative parabola requires 
three data, ¢.g., three (observed) velocities at three different known depths: 

The only observed velocity ordinarily recorded (at any rate for Indian 
rivers) is the “ Surface velocity”. It seems convenient to take for the 
remaining data— 

(2) the “ bottom velocity”, which must be taken from Hydraulic Tables, or assign- 
ed by the practical Engineer. 

(8) the position of the axis of the parabola, which is given in the Mississippi 


Report (pages 262 and 288), by formula (13) (below) as depending in a certain 
manner on the wind andfm the “hydraulic mean depth.” 


With the following notation slightly altered from that in the Mississippi 
Report (page 200)— 


d@ = any depth below surface; V = velocity at depth d, (required). 


D = depth of bed ; Vp = bottom velocity, (assumed). 
@' = depth of axis of parabola; V'’ = velocity at depth d’, (usually the greatest). 
' © == depth of surface ; V, = surface velocity, (observed), 


y = hydraulic mean depth ; 


J = force of Wind, estimated as zero for a calm, and 10 for a hurricane, reckoned 
positive or negative according as it sets up or down-stream. 


Then the Mississippi Report gives (pages 262, 288) for the position of 

the axis :— 
A! = (1317 + 06). Pescessrsccsccsseeceseeoeee(18), 

Thus for a half hurricane down-stream (j= about — 5), it follows 
that d' = 0, #.¢., the axis of the parabola (which is also the line of greatest 
velocity) lies «n the surface.” 

[This is an important simplification of formula (13) as will appear below]. __ 

80. Accurate formule.—The following formule (for details see Art. 70) 
follow immediately from the parabolic theory : 


V=V,-(V, — Vs). poi seats tetnseceest( 14) 


= V.+(Vo— Vo). Sw Lwy sssscbea dessa ventas): 

Approximate formule.—For reasons given below, it seems sufficiently 

accurate in the present Problem to assame Vy = 0, d’ = 0, which reduces 
cmale (14) and (15) to the much simpler forms :— 


V=V, (1) sossseensssncsesss(18). 
V' = V, eoneceeaesoece imaminnwan: 
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" [The Velocity-diagram (Fig 2, Plate XLIV.) has been constracted from formula 
(16)]: 

81. ZHeplanation of assumptions Vp = 0, d' = 0.—Itis probable that the portion 
of bed scoured ont near the Piers is often limited to a saucer or funnel-shaped hollow 
round the Pier, inside which there will be sometimes violent.eddying and boiling action ; 
but so long as this violent action lasts, scour is going on. The most unfavorable 
time for the Pier appears to be, when the scour has reached its full depth, after which 
time the eddying and surging action must be comparatively small, as (by hypothesis) 
the scour is not increasing. It seems further probable that the most unfavorable time 
to the Pier will be when this scour has been very extenswwe in the neighborhood of the 
Pier, so that the Pier is exposed to a Current of the full depth of scour, that is to say 
to a Current whose bed has been lowered to scour level, and which is throughout tts « 
depth effective as a Current in pressing on the Pier. 

This hypothesis enables the whole effect of the current to be reduced to a Statical 
Problem of Pressure ; the present state of Hydraulic Science does not enable the 
effect of the eddying and plunging action to be in any (beyond a hypothetical) way 
included, but if this hypothesis be admitted as the most unfavorable to the Pier, it 
appears unnecessary further to consider such eddying action. 

Under this hypothesis the depth of river-bed, and of scour in the neighborhood of 
the Pier are considered as the same : this must of course be one* of the data, either from 
actual observation or assigned by the Resident Engineers. 

32. But further the Bottom velocity (Vp) seems (to the author) likely to be so 
small for a quicksand bed, (the case in hand,)—perhaps that which will just disturb 
loosé sand—compared with the Surface velocity (Vo), that it might be neglected in 
forming an approzimate formula. 

[N.B.—The ordinary Hydraulic Tables profess to give the “ Bottom velocity” cor. 
responding to various “ surface velocities ”, but the fact is that such Tables are con- 
stracted from formule in which the “ constants” were derived chiefly from experiments 
on artificial conduits. The results appear (to the author) totally inapplicable to 
quicksand. He. The “Surface velocity” in the Raimgangé has been recorded as 16 
feet ( = 192 inches) per second. By Du Buat’s formula the corresponding “ bottom 
velocity ” would be (v —2./v + 1) inches, i. e., 165°8 inches per second—no matter 
whut the material of the bed was, Is this possible in a quicksand bed? The bottom 
would be surely scoured away. | 

88, Further simplification d'== 0.—It will be observed (Eq. 14) that the sub-surface 
velocities (V) depend both on the surface velocity V, and on d’, and therefore (by Eq. 
18) on f (the force of the wind). Now the objects of the present inquiry are to a» 
certain both the Greatest Current-Pressure, and the Greatest Moment of Current- 
Pressure on the Pier. | ° 

It is evident that the sub-surface velocities (V) increase with the surface velocity 
(V.) which is itself reinforced by a strong down-stream wind. On the other hand, a 
down-stream wind (/ negative), raises the axis of the parabola (see Eq. 18), and thereby 
diminishes the values of the sub-surface velocities (V) for a given surface velocity 
(Vo). . 

The Problem of finding the really Greatest Current-Pressures and Greatest Mom 


* It is aremarkable instance of the imperfection of the practical data for this Problem that this 
is one of the elements involved in doubt. 
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of the same under these conflicting circumstances seems strictly insoluble, as the 

relation between V, and / is unknown, but it seems almost certain that “a down 

stream wind is more effective in increasing the sub-surface velocities by its increasing 

the surface velocity (Vo) than effective in decreasing them in consequence of its rais- . 
ing the axis of the parabola ”. 

-The adoption of the value (f = about — 5) corresponding to a down-stream half- 
barricane causes so great a simplification of the formule (14) and (15) and of all 
others thence derived for Total Current-Pressure, and Moment of the same, (in con- 
sequence of its making @' = 0,) that there would be great advantage in adopting it if 
it could be shown to be sufficiently approximate. 

Now it will be found (by actually constructing the parabola) that a variation in the 
value assigned to a down-stream wind greater than a half-hurricane (even if from a 
half to a whole hurricane / = — 5 to — 10) causes very little change (diminution) 
in the sub-surface velocities for a given surface velocity. 

Thus the assumption @' = o causes only a slight over-cstimation of the values of 
V (sub-surface velocities), so that the simple formule (16) and (17) may be regarded 
as good approximations for the present problem. 

84. Current-pressure.—Our knowledge of current-pressure is wholly 


empirical ; it is approximately represented* by the formula 


V2 
P =e k wa 29 WOOCCEECOCEHEOD Seodoederecereneeseeeneneseeee (18). 


Total Current-pressure “heaviness” of fluid 
on an area & of enalt = kX < & area of cross-section, oseccccceceveee( 18). 
Cepth, .....ccceseseeere , | x height due to velocity, 


where & is a quantity depending on the shape and material of the body 
—at present only obtainable from experiment, and on which unfortunately 


few experiments are available. 

[In works on elementary Hydro-dynamics, (e. g., Cape’s Course of Mathematics, Vol. 
II, Art. 546, the value of & for a cylinder is stated to be & = 3 or °6, but this includes 
only the effect of “impact”, and is based on a “theory” of current fluid, which is 
admitted to be most imperfect. 

The best value obtainable for the present problem appears (to the author) to be 
& = about ‘8, and for the following reason :—Professor Rankine states* that “ the 
co-efficient & is less for a solid moving in a fiuid, than for a fluid moving past the 
same solid”, also that “for a cylinder moving sideways, & = about ‘77.’’] 

In absence of better data, the author suggests that for the present pro- 
blem (a current flowing past a fixed cylinder) the value & == ‘8 should be 


adopted as being a simple figure and higher than -77 as required. 

{The Pressure-diagram (for current-pressure), Fig. 8, Plate I., has been con- 
stracted from Formula (18). It clearly shows the variation of Current-pressure with 
the depth ; the diminution of Current-pressure on the Pier due to its being 8 feet 
narrower than the Well is very evident]. 


* Rankine’s Applied Mechanics, Art. 653. | 
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85. Then it may be shown by an easy integration see (Art. 71), thatvif 


V, == Surface Velocity in feet per second. 
P = Total Current-pressure parallel to stream in pounds. 


D = Depth of current in‘feet. 
A = Arena of vertical diametral section immersed in square feet. 


Then for a Well a only sie 
P= 7 - hw. z 2" (approximately), sevececevsceseoe( LO }o 


Also in cases where a =a is placed on a Well of considerably larger diame- 
ter, and both are either cylindric or taper very slightly, if 


P = i parallel to stream, 
@ = Depth of Pier immersed. 
A’ = Area of vertical diametral section of Pier immersed. 
_ B = Mean breadth of Well. 


Total Current-pressure on the Pier. 
on the Well. 


4 
A =(1 —_ q = + +5) eoncccecece eeeecooccnce Gercecesocace e0ecconretenenecoccs eeccce (20). 
Then P’ = kwA’. oy . A, (approximately), 
PY = kw. x .B{=D- rat , (approximately), ( °*°""**" (21). 


P =P’ + "P : 

N.B.—If d be small compared with D, the quantity \ may be taken 
as \ = 1 approximately: this is an important simplification for numerical 
calculation. 

[The Total Current-pressures on the Pier and Well, Fig. 1, are of course represented 
by the areas of the representative Diagrams (Fig. 3, Plate XLIV.) of Current-pressure]. 

86. Centre of Current-pressure.—It is convenient to find this point as, 
once found, the estimation of the Moment of Current-pressure about any 
chosen point whatever is an easy problem of elementary Statics. It is 
shown in the Appendix that if 


| @o =3 Depth of centre of Current-pressure on whole Well. 
do = Pa s s Pier only. 
d,” —= ” 29 ” Well only. 


Then in case of a Well — only slightly 
ao — 16 5D, (approximately)...cccccscesese eeseeeaas (22). 


And in case of a Pier on a Well of considerably larger diameter, neither 
tapering except very slightly, 
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@ "he 
~ , (approximately), .. an 
OGaaseaee sb8 (28). 


o— 1 §D* — pd! 
dy = 2° SD— 0M? ——_ 


Where «= (1 — 55 + 3m) et Gai oF ot 55) + Cf). 
_ Also if d be small compared with D, thenA=1,n =1 apprommetey: 
50 that these formule pai 
“d= i Spain Hawavaeseanwesducees 


cocese (25). 
aha a 25 D+ -— = 4) (approximately), .. 


37. Moment of Wien tela te elementary Statics, if 


M = Total Moment of Current-pressure in foot-pounds. 

M’ = Moment of Current-pressure on Pier only in foot-pounds. 

M’* = Moment of Current-pressure on Well only in foot-pounds. 

H = Assumed depth (below surface of current) of any point chosen as “ cen- - 
tre of moments ”’, 


Then in case of a Well tapering gel slightly, 
1 
M= P, (H on do) = EB kw A, ve -. (5H 6 D ) @ov8eec0 Secs (26). 


And in case of a Pier on a Well of considerably larger diameter 
neither tapering, except very slightly 
M' = P’.(H — d,’) 


M’ = PY. (H ~ de’) $ cccccscccsscesosseeee (27 
M =M' + M’ at id 


Impact of Drift. 


$8. It has been explained (Art, 9), that it is impossible to calculate 
the effect of Impact properly : an imperfect equivalent—believed however 
to be sufficient for the purposes of Engineering—was proposed in the 
substitution of a Mass of floating Drift supposed as caught by the Pier, 
and exposed to the full force of the current. 
Let A; =3 assumed area (in square feet) of vertical cross section of eorpoeee nae 
ing Drift exposed to full force of current. 
V.. = surface velocity. 
P, = Total Current-pressure on area A;. 


Then as the depth of the supposed Drift-Mass is necessarily small (compared with 
the depth of the river), and as the shape and size of _ Mass are entirely staal 


it is permissible— 
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1°, To assign any arbitrary value to the quantity & in the formula of Art. 34 ; 
-it is convenient to assume & = 1. 
2°. To disregard the variation of velocity in the small depth of the supposed 
Drift-masa, so that the mean velocity of impinging current may be assumed 
as sensibly equal to the surface velocity (Vo). 
Thus under these premisses, there results for the Total Current-pressure 


-on the Drift-Mass, 


P=w.A. 3g" acescccconscsassccsseccsecee (20s 


89. Moment of Impact.—Under fae same premisses the following will 
be a sufficiently approximate value for the Moment of that Ourrent- 
pressure about a point H feet below the current surface, viz., 


M=Pix H=w.A. <4, sessssesesseces (29) 


40. Horizontal Re-actrons.—The “ Disturbing Forces ” develop Hori- 
zontal Re-actions in the subsoil of two kinds— 
1°. Direct—being the direct normal pressure round the Pier. 
i. Tangential—i. ¢., horizontal friction between the subsoil and base 
of the Pier. 
Let R. R, be the sum of the resolved parts of the Direct Normal Pressures— 


resolved parallel to the stream—against the down-stream and up-stream (semi-cylindric) 


sides of the Pier respectively, so that 
Ra == Total up-stream “Direct” Re-action. 


Ra’ = Total down-strcam “ Direct”? Re-action. 
Fe == Total horizontal friction. 


Then at all times (when there is no motion) this equation must obtain 
“Sum of horizontal Re-actions = Sum of Disturbing Forces ”, \ (30). 
oR,’ —-R'+ Fi =P,+P,+P+ P, = 2(P), 
It may be assumed thet Fis very small compared with R,’, R,”: so 
that neglecting F_, “ 
Ry! — BR," = 2 (P), orcscecccrcoessoesceeces (81). 


N.B,—The hydrostatic pressure of the Water against the down-stream side of 

‘the Pier is oraitted from the above enumeration of Resistances, because from the man- 

ner in which the experiments on Current-pressure (by which the value of & in formula 

18 was determined) were conducted, the resulting formula for Current-pressure expresseg 

only the ewoess of the Current-pressare above the Hydrostatic Pressure against the down- 
stream side 7 Pier, 

‘ Ad, In order to investigate the distribution of, rics of, and posi- 
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tion of Oentre of Pressure of these Re-actions, consider separately the 
cases 
1°, Of. Pier not under the action of Lateral Disturbing Forces. 

2°, Ofa Pier under the action of Lateral Disturbing Force. 

1°, Pier not under Lateral Disturbing Forces.—In this case it is evi- 
dent that Ry’ — Ry” = o, (for the Disturbing Forces P are zero) and 
Ry’ == Ry", i.e. the Re-actions of the soil are equal up and down- 
“stream. 


[Observing that thore is a hydrostatic pressure of D feet of water (being the depth 
of the current) on the surface of the soil, then if o = specific gravity of the soil, 
the “head of water ” is equivalent to a “head ” of D + o feet of soil, and according 
to the usually received theory of loose earth (or quicksand) pressure, the integuity of 
its pressure against the Masonry is simply proportional to the depth below’ plane 
Dc feet above the actual surface of the soil, or in fact follows the law of distribu- 
tion of fluid pressure, so that its “ Centre of Prossure ” would be the same as that 
of ordinary fluid pressure against a submerged vertical cylinder whose top and bottom 
are D -- cand (D —-o +h) feet below the imaginary fluid surface, 


, It is shown (in the Appendix) that the height of the Centre of pressure above the 





base of the Pier is, if D' = D <-, “ee 
_h 8D'+h ih 
ho = 3 e 2D’ + A273 x ( 1 -}- 9 ea) ee PYYTTTTTTY eeece (82). 
It is worth noting that from Eq. (32), . is always > < yor ho = : when D’ 


== 0, i, e., when there is “no head”, also 4, increases with the “head ” (D‘) approach- 


bd 


ing to the limit : when the “head” (D’) is very large}. 


2°. Pier under lateral Forces.—There are no experimental data for 
determining the distribution of, actual = eae of, and centres of pres- 
sure of the horizontal Re-actions (Rz’, R,") up-and down-stream, (which 
determination is requisite to the proper solution of the problem): wil 
some useful generalizations may be drawn. 
Firstly, so long as there is no actual motion of the Pier, it is obvious 
that the ce (31) must hold true, 
* R,’ > Sum of Disturbing Forces, % (P);seorrererereeel 88 ) 


It seems most probable that the effect of the Disturbing Forces on. the 
magnitude and distribution of the horizontal Re-actions is as follows :—— 


1°, To diminish the pressure of the soil on the near (or up-stream) side, and to 
press the Pier more against the soil on the far (down- side), %. ¢@, to 
‘diminish Rg” and increase Ry’, ipa Gey 
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9, ‘To alter the distribhtion of pressure of Ru’, R,,” in opposite directions, viz., 
(a). On the near (up-stream) sidc—diminishing the intensity of pressure near the - 
surface, and increasing it towards the base, and therefore of course depres- 
sing the “centre ” of pressure of Ru”. 
(3). On the far (down-stream) side—diminishing the intensity of pressure near the 
base, and increasing it towards the surface ; and therefore of course raising 
the “centre” of pressure of R x’. 
These results may be briefly .expressed— 
“The Disturbing Forces raise and depress the Resultants ”’ of the up-stream (84) | 
and down-stream horizontal Re-actions”, ....... s Pansbadavedasdeuoumdetes seuswoacaateee: : 
These results are very important as the raising of the Resultant Ra' 


sucreases its Moment (of Stability) and depressing R,.” decreases its Mo- 
ment iy Instability). Both actions are therefore conducive to Stability. 

{It will be seen hereafter, Art. 49, that Stability of Rotation depends chiefly on the 
power of the soil to bear this alteration of the original distribution of pressure. 

There is good reason to suppose that though the first action of the Disturbing 
Forces may be to decrease Ry", their ultimate cffect must be to twcrease Ry”. It will 
be shown that the principal element of Stability (of rotation) is the Moment of Sta- 
bility of the up-stream horizontal Re-action (Rx’)—which may be increased 

1°,.* By raising its Resultant (so as to increase its levérage). 

2°, By increasing its magnitude (Ra’). 

But the nature of the soil will not admit of increase of the leverage by raising of 
the Resultant (which involves increased intensity of pressure towards the Surface) 
beyond a certain limit, so that further increase of Moment of Stability of Ry’ must be 
due to increase in the actual magnitude of Ry’. 

But gince Ry’ — Rua" = Sum of Disturbing Forces, it is obvious that for a given 
Disturbing Force an increase in Rx’ is accompanied by an equal increase in Ry”). 

42, The above general results are probably all that ean be certainly 
affirmed as to the distribution of, magnitude of, and position of the Resul- 
tant of the Horizontal Re-actions Ry’, Ry” in absence of experimental 


evidence as to the nature of the subsoil resistance. 


{It will be shown in Art, 53 how on certain hypotheses as to the nature of that resis- 
ance, definite numerical results can be obtained]. 


LATERAL STABILITY—STABILITY OF SLIDING. 


. 48. It is clearly essential to the use of the Pier that it should not 
slide away (asa whole) down-stream. It appears certain that in some of the 
great rivers with sandy beds, there is motion (of the water at any rate) going 
on for a considerable depth below the visible “ bed” of the stream, 

(This is an inference from the observed fact that, though the very large quaatiy: 
of water withdrawn for canals from the large rivors (such as the Ganges and J ae) : 


' NAWAB SALAR JUNG BAHADUR 
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greatly reduces the quantity of water in the rivers for some miles below the canal 
heads, it makes no perceptible difference in those rivers at a distance of many miles 
from the canal heads}. 


Whether the subsoil-particles themselves also partake of this motion 
or not, is not certainly known; it is believed by many that they do. 

The author considers that for the purposes of the present problem, the 
* surface of absolute rest among the subsoil-particles should be considered 
the virtual bed of the stream”, __ 

It appears (to the author) essential that Piers should be sunk well below 
this ‘‘ virtual bed ”—7. ¢., that the failure of such Piers as cannot be sunk 
well below the surface of no motion (however slow) among the subsoil 
particles is certain, and will take place by sliding (as a whole) dow am. 

It will be assumed therefore that all Piers will in practice be sunk well 
below this level. 

The Total Force which tends to cause sliding is simply the sum of the 
‘Disturbing Forces": the Total Resistance to sliding is simply the 
algebraic sum of the Horizontal Re-actions (Ru’, Rx”) so that at any 
moment when motion is not actually going on Eq. (80) must obtain, 

Total Disturbing Force = Total Resistance to sliding”. 

But there is a natural limit to the latter quantity (Resistance), viz., the 
és preatest intensity of pressure which the evil can bear with safety at any 
point”. There is no experimental evidence on this point. Without this 
practical datum it is simply impossible to estimate numerically the ‘‘ Work- 
ing Resistance to sliding ” (meaning thereby the “‘ Greatest Resistance to 
sliding which the soil can supply with safety”. 





Sec, [V.—Rorary Srasiuity: SraBiuity or Rotation, 


44, letersi as actually constructed appear to have failed 4 tn 
general by “‘ tilting over”, ¢. ¢., by want of “ Stability of rotation ’, so that 
this Problem assumes particular practical importance. 

In order that the Pier may possess “ Rotary Stability” as a whole, it 
is necessary : 

'(1). ‘That the external forces of all sorts (including al7 Re-actions) should be =~ 
that in the xermal position 

“The algebraic sum of their Moments about any point 0 ”, or ........... nets (85) ; 

« The Sum of Moments of Stability = Sum of Moments of Instability ”,......(85). 
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(2). Also that the Re-actions should be of such character that on the Pier ander- 
going 4 very small (hypothetic, not actual) displacement (tilting),— 

“The Resultant Moment) of all the external Forces (including al? Re-actions) 
should “ tend tv restore the Pier to its normal position ’’, 7. ¢., “ Sum of Moments of 
Stability > sum of Moments of Instability ”, ........ suseeceeseeiaiauss a aseeeseeeeoeeecee(SO), 


These conditions may be called. 
(1). The condition of temporary equilibrium. 
(2). The condition of permanent (rotary) Stability. 


45. There is one peculiar difficulty in this Problem (of Rotary Stabi- 
lity) in the present case of quicksand foundations, viz., that the Re-actions 
of the soil alluded to are of very different character to the ordinary Re-ac- 
tions ofsolid or sensibly rigid supports (¢. g., rock foundations) : the latter 
alone are met with in the usual Problems in Structures, and are alone 
familiar. 


(There is little difficulty in estimating the Moment of Stability of a solid Structure 
placed on a rigid support ; when no lateral (disturbing) Forces 
are applied, such a Structure presses all over its base, so that 
the Re-action also is distributed over the base, but the instant 
the Structure is tilted ever so slightly by lateral forces, the dis- 
tributed Re-actions are immediately concentrated into a single 
Re-action passing through the heel (or point of rotation), so 
that by taking moments about any chosen point on this line, 
the moment of the Re-action is zero and does not therefore 
appear in the result, so that no attention need be paid to 
é¢. It is in fact commonly simply ignored in ordinary Text- 
books : the above is however the sule justification of thus disregarding the Re-action, 
It is otherwise with the Re-actions in the present problem: they do not become so 
concentrated into a single Resultant upon a slight tilting of the Structure, so that 
there is no point about which the Moment of these Re-actions obviously vanishes, and 
they cannot be disregarded in estimating the Moment of Stability]. 





In fact the question of “ Sraniiry of rotation” in the present case 
resembles that of the Stability of Ships to the extent that the Re-actions 
are distributed pressures which do not greatly vary for a slight displacement 
(tilting over). 

46. It ought to be sufficiently obvious that the Equation of Moments 
(Eq. 85) must be trae for any point whatever, so that it is a matter of in- 
difference (theoretically) what point be chosen as ‘‘ Centre” for estimating 
Moments: it may make great difference in convenience of calculation what 
4, point is chosen, but the result will be the same— 


x 


a 
é. 9, in Structures on solid (sensibly rigid) supports, it is convenient to choose some 
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point on the Resultant Re-action (after the Structare has undergone a slight displace- 
ment) simply because the Moment of the Re-action does not appear in consequence in . 
the result—a matter of some convenience for saving calculation—but the choice of 
any other point would eventually lead to the same result. 


But about whatever point the Moments be estimated it is essential to 
snclude in the Equation of Moments ali Re-actions whose Resultants do 
not pass through the chosen point. 


[No difficulty is felt about this in the ordinary problem of Structures on rigid sup- 
ports because (as explained) the “ contre of Moments” can be so chosen as to render 
consideration of the Re-actions unnecessary. There isin the present problem also no 
doubt some point through which the Resultants of some of the Re-actions pass, but 

as the position of this point is not known @ priori it cannot be chosen J. 


It is on the whole perhaps most convenient to choose the extreme lower 
(down-stream) point of the base as “Centre of Moments ”, because all 
“arms of levers” are thus positive. 


' {A simple consideration will now show the necessily of including a/J Re-actions 
in the Equations of Moments. 

With increased depth of sinking, the arm of lever of .the Disturbing Forces, 
increases, and therefore also their Moment (about chosen point), which is of course 
the Moment of Instability—but the arm of leverage of the Weight of the Pier remains 
constant (being simply the radius of the Pier’s base) so that its Moment which is a 
Moment of Stability remains constant. If the Re-actions be disregarded, the follow- 
ing absurd result necessarily follows : 

“ Increased depth of sinking is attended with decrease of rotary Stability’). 


47, Moment of Instability.—This is the sum of the Moments of the 
Disturhing Forces and of some of the Re-actions. 


(1). Wind on Girders. (5). Upward Water-pressure. 
(2). Wind on Piers. (6). Direct Vertical Re-action of soil, 
8). Current on Drift Mass, (7). Vertical Friction. 
(4). Current on Piers. (8). Lateral Resistance of soil on up-stream side. 


Moment of Stability.—This is the sum of the Moments of the ier 
and of one Re-action. 

(9). Weight of superstructure. (11). Lateral Re-action of soil against down- |, 
(10), Weight of pier. stream side, | 

Formule have already been given for the Moments of (1), (2), (8), - 
(4); those of (5), (9), (10) are also readily calculable: but the experi- 
mental data are entirely wanting for properly calcalating the Moments, of 
(6), (7), (8), (11), so that it is impossible to present any certain numerical: | 
estimate of the (Rotary) Stability or Instability of the Piers, (as it has been - 
explained to be essential to include (6), (7), (8), (11) in the Equation oft 
Mothents). Some useful generalizations may however be made, =|: 
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48. Separating the Moments of vertical from those of horizontal 
@6rces, and observing that by Art. 12, 


Sum of vertical forces pro- Sum of vertical forces pro- 
ducing Instability, viz. > = ducing Stability, viz., 
Nos. (5), (6), (7), .-00+ Nos. (9) and (10), ........ 


but that the arms of leverage of the Resultants of the former are less 
than those of the latter (being in the latter case simply the radius of the 
base, and in the former some smaller quantity), it follows that— 


“The Resultant Moment of a/? the Vertical Forces (including Weight and Re-ac 
tions) is always a Moment of Stability ”. 


Increased depth of sinking does not affect the arms of leverage of Nos. 
(5), (9), (10), and it seems (to the author) extremely probable that it does 
not affect the arm of leverage of the remaining vertical forces Nos. (6) 
and (7). Hence (Eq. 37), it may be inferred with a high degree of 
probability that— 


“The Resultant Moment of al the Vertical Forces is always a Moment (88,) 
of Stability, and not affected in amount by increased depth of sinking”,..§ “°* \""" 


49. Next considering the horizontal forces—it is clear that— 


“Increased depth of sinking increases the Moments of both kinds (Stability and 
Instability) of the horizontal forces ”. 


Observing that the sum of the Disturbing Forces, (1), (2), (8), (4) is 
unaffected by increased depth of sinking, also that the Resultant up-stream 
Lateral Re-action of the soil, ie, R,’ — R,,” (the excess of (11) over 


(8) is also unaffected by increased depth of sinking, (being equal to the 
sum of the Disturbing Forces), it follows that the Moment of Instability 
of the Disturbing Forces is increased by increased depth of sinking simply 
by increased arm of leverage, but on the other hand that the Resultant 
Moment of Stability developable (though not necessarily developed) from 
the Lateral Re-action of the soil is increased in a still higher ratio than 
the former, in consequence both of increase in the Total Re-actions deve- 
lopable from the increased extent of soil (and that of greater compactness) 
in contact with masonry, and also of the (favorable) change, see Result (34) 
—in the arms of leverage of the Re-actions. These Results may be briefly 
expressed, 


“Increased sinking increases the Moments of rier of the Disturbing 
Forces, and also the available Resultant Moment of Stability of the Horizon- } (39). 
tal Re-actions—the latter in a higher ratio ”, .......c0ccesserseees seseees sdsseuvevassse 


[Both these Re-actions (both up-stream and down-stream), be it observed, are 
shoultancously necessary to Stability of Rotation]. 


This last is a moet important Result, for in consequence of all the Ver-. 
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tical Re-actions having been proved to be conducive to Instability (Results 
(8) and (6)), it is probable that the “ Resultant Moment” of all thé 
Vertical Forces (which has been shown to be a Moment of Stability) is 
not of great magnitude, and as it has been explained that it (most pro- 
bably) cannot be increased by increased depth of sinking, it follows that— 


“The Weight of the Pier is in quicksand comparatively unimportant in (40) 
producing STABILITY (of rotation), also that........ dacaenastensoese eo ceeccncee voneccoes ° 


“Stability (of rotation) of Piers in quicksand is almost entirely due to the 
Lateral Resistance of the soil’, or in other words ..0....cesccssees Susceaseue sikedeaste 


“ Stability of Rotation can only be secured by sinking to a depth at which 
the required Lateral Resistance can be developed, ....... i csautees sdeeeeese g seavke 


50. The utmost that it seems possible to do with certainty in the way 
of numerical estimation of Stability of Rotation is to calculate the Moments 
of Instability Nos. 1 to 5, and of Stability Nos. 9 and 10. Their dif- 
ference will be a Moment of Instability. It can then only be left to the 
practical Engineer to judge (empirically) whether the requisite Moment 
of Stability No. 11 is, or is not developable from the particular sub-soil. 

51. But by making some hypotheses (guided by knowledge of the 
soil) as to the nature of the resistance of the soil, more definite numerical 
results may of course be obtained. Although the results are of course to 
that extent hypothetical, still if the hypotheses are well chosen, the results 
will be some guide to the practical Engineer, better than no guide at all. 

{The usual hypothesis in works* on Applied Mechanics as to the nature of resis- 
tance of the soil is that the soil is capable of bearing and therefore of yielding 
pressure of “ uniformly-varying ” intensity (i. e., varying as the distance from a fixed 
axis) provided that there be pressure over all parts of the surface pressed at least 


equal to the least, and not greater than the greatest internal pressure (usually called 
“conjugate pressure’) due to frictional stability of the particles]. 


(41). 


The course proposed is by assigning some probable manner of distribu- 
tion of the various Re-actions to deduce the numerical values of the 
Total Horizontal Re-actions required from the soil, and of the mean and 
maximum intensities of the same. It will then rest for the practical 
Engineer to consider whether the particular soil can or cannot yield the 
intensity of pressure indicated as necessary. 


[N.B.—The greatest intensity of pressure which the soil can safely bear should of 
course be one of the practical data to be furnished with a Problem of this sort). 


It will be convenient to consider the Moments of the Vertical and 
Horizontal Forces separately. 3 


* See Rankine’s Applied Mechanics, Arte. 197, 198, 199. 
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52. Momeni of Vertical Forces.—A probable approximation to the 
Resultant Moment of Stability of all the vertical Forces (Weights and 
Re-actions included) may be made by assigning the position of the Re- 
sultant of Vertical Re-action of the soil (both Direct and Frictional). 
It will be remembered that semi-fluidity of the sand is considered to be 
allowed for in Art. 14. Assuming that the sand at the base is otherwise 
capable of bearing a uniformly-varying pressure, it seems probable that 
a limit to the extent of that variation is that there should be some pressure 
(no tension) at every point of the base, 7. ¢., that the Pier should press 
everywhere on the soil at its base. The Resultant Pressure on the base 
must in this case* fal] within a distance from the centre of the base of 
+ (radius). 

Observing (Art. 21—(5)) that the Vertical Friction is at the instant 
of incipient motion of the Pier confined to the down-stream side of 
the Pier, and most intense towards the down-stream vertical edge, 
and assuming that its intensity along any vertical edge of the cylinder 
is simply proportional to the distance of the edge from the diametral 
plane which lies across the stream, its distribution would be graphically 
represented by a very thin semi-circular wedge; the Resultant of Forces 
so distributed liest at a distance } mr = ‘7854 ror # radius approxi- 
mately from the axis, On the above assumption then, the Resultant Ver- 
tical Re-actions of the soil are 

Direct (R) at a distance 4 r from centre of base, ° 
Frictional (F) 4, 4r ij - p ean (42). 

It may therefore be assumed with considerable confidence that the Re- 
sultant Vertical Re action of the soil(R ++ F) lies between the distances 
4 rand 3r from the centre of base—or is roughly speaking about 4 r 
distant from the same. 

Now the magnitude of (R + F) is known (by Eq. 2), viz. R + F 
= W — W’, 8 known quantity. 

., Moment of Vertical Re-actions of soil = Re-action x arm of lever, 

= (Rt FP). 5, or (W — W') 5 cevsseescsrsstseeeer ons (48). 
as a rough approximation. 

Hence the “ Resultant Moment of Stability of all Vertical Forces ” is 
as a rough approximation— 


* Rankine’s Applied Mechanics, Art. 205. 
+ See Appendix, Art. 74, 
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M, = Moment of Weight — Moment of Water-pressure — Moment of Vertical Re-actions of soil, 
=W.r—-Wr-(R+F)5 
= (W - W)r-(W- Ws, 
(Wi — W!) 5 crssssscsseesssrsesnssevecsenssnesesseseee( Ad), 


It is worth noting that kad the Pier been resting on a rigid support (e.g., rock- 
foundation), the Moment of Stability of Vertical Forces would have been simply Wr, 
i. ¢., the Moment of the Weight of the Pier—and that in this problem, the Water 
pressure on the base reduces the “effective Weight” of the Pier to (W — W')—see 
Art. 16, and that the peculiar distribution of the Re-actions reduces the leverage 
from r to 4 r, 80 that the Resultant Moment is only } (W—W’) r. This bears out the 
remark that the Pier’s mere Weight must not be relied on for producing Stability of 
rotation, see Result (40). 

53, Moment of Horizontal Forces.—A rough approximation may now 
be made to the magnitudes of the Total up-and down-stream Horizontal 
Re-actions (Rg, Rg’) which the soil must be capable of supplying against 
the Pier—by making some hypothesis as to the distribution of those Re- 
sistances. : 

It has been explained (Art. 41, Result 84) that the effect of the Dis- 
turbing Forces on these Re-actions was to alter the distribution of both of 
them, raising the Resultant (R,’) of up-stream Re-action and depressing 
the Resultant (Ry”) of down-stream Re-action. Now it seems probable 
that the natural limit to this action will be such an alteration in the distri- 


bution of the pressure that— 
1°. Qn the up-stream side—the soil shall just cease to press against the Masonry at 
the surface (of the soil). 
2°. On the down-stream side,—the soil shall press uniformly. 
Assuming that the vertical distribution of pressure is still ‘‘ uniformly- 
varying ” in the former case, the effect would be 
1°. To depress the Resaltant (Ry’) of down-stream Horizontal Re-action to a height 
of § x depth (of sinking) above the base, (by the usual rules of uniformly-varying 
pressure). 
2°, To raise the Resultant (Rq”) of up-stream Horizontal Re-action to a height of 
4 X depth (of sinking) above the base. 
(The exact variations of.pressure proposed are of course hypothetical, but they are 
of the character indicated as certain in the generalizations in Art. (41)]. 
Let h = depth of sinking. 
= (P) = Sum of Disturbing Forces. 
My = Resultant Moment (of Stability) of al? Vertical Forces. 
Mua = Sum of Moments (of Instability) of Disturbing Forces. 
Mra‘ = Moment (of Stability) of up-stream Horizontal Re-action (Rx). 
Mz,” = Moment (of Instability) of down-stream Horiz .tal Re-action (Rr’), 
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Then by the Results 1° and 2° of above assumptions— 


Mz’ = Ru’ x ; saieaieltneeeesscithal sevesnsere (48). 
Mp” = Rx” x peibeuias gree aduaweswdeeosincesteas seas (46). 
Hence from the Equation of Moments 
Ry x fo — Ra’. 2 Mg — My cosseseessecssene (47). 
Also from the condition of equality among the horizontal forces 
Re Be = 3? )\caiestsscaiociertsts (48). 


54. Total Horizontal Re-actions (Ry’, Rg’)—As Mg, My, P are 
known quantities, the two quantities Ry’, Ry" the up-and down-stream 
Horizontal Re-actions can be calculated from these two equations. ‘Thus, 

Rie) See es (e)) 
scosececseesesesse( 49) 
6 (Mz — M : 
R,” = (Mu " WY) _ 33(P) 

55. Intensity of Horizontal Re-actions.—On the foregoing assumptions 

as to the distribution of pressure, it follows that if 
Po. == Mean intensity of up-stream horizontal Re-action, 


9," = Pe i down-stream __e,, ‘a : 
p" = Maximum intensity of down-stream :: in pounds per square foot. 
A = depth of sinking.......csssessscnscecersrerntesescees 
Then (by the pressure-distribution assumed in Art. 53, see also Art. 56). 
Ru’ — Intensity of Ry’ per vertical foot asesentes sescesescees( OO Ve 
Re =: Mean Intensity of Ry” per vertical foot .........0006 (51). 
2 a == Maximum Intensity of Ry” per vertical foot ........ (52). 
5 > Ra’ 
ee Po = hr ee 
Ry” 
Po" = ra eee 00000 00k Coe coo ees Coeneeee © evovccce a cecovccccvcoes (58). 
” 2Ry” 
=m hr ee8 


These quantities, (p.', p”), the actual greatest intensities of pressure of 
the Masonry on the subsoil produced by the Disturbing Forces (under the 
assumed distribution of pressure) are the final quantities proposed for cal- 
culation in Art. 51. These having been calculated it rests with the 
practical Engineer to decide whether any particular soil can or cannot 
bear them. [This of course can only be ascertained by experiment]. 


56. Eaplanation of Results (50) to (568).—Results (50) and (51) seem obvious. 
Result (52) follows from (51), because the distribution of Ru” had been assumed as 
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“‘uniformly-varying ”, and its intensity at soil-surface zero. Now the maximum in- 
tensity is known in such a case to be twice the mean-intensity: hence Result (52). 

Results (50) to (52) give the values of the sum of the resolved parts parallel to the 
stream of the Normal Pressures on a vertical semi-cylinder of one footin height. The 
intensity of Normal Pressure causing that Total Pressure (50 to 52) in one direction 
is known* to be (53). 


Example. 


57. The following numerical Example is that of a Pier for the Bridge 
over the Rémganga, see Art. 2. | 


Fig. 1 shows a vertical section through the Pier’s centre of gravity. 

Fig. 2 is a “ Velocity-Diagram ”’, showing the variation of subsurface-velocity 
throughout the depth calculated by Eq. (16). 

Fig. 3 is a “ Pressure-Diagram ”, The distribution of the Horizontal Pressures 
(of all kinds) is shown by the abscissz of the figure in thin lines: the Total or Re- 
sultant Pressures of all kinds (both vertical and horizontal) are shown by thick lines, 
and are drawn through the respective Centres of Pressure. 

The Vertical Force representative lines necessarily overlap Fig. 1. 

The use of scveral scales in this Diagram was unavoidable owing to the very great 
difference in the Forces, thus the scales are as follows :— 

For Distribution of Disturbing Forces, ........ aces 2,000 Tbs. to an inch. 
» Total or Resultant of Disturbing Forces,.... 10,000 ,, 
» Distribution of Horizontal Sabsoil Re-actions, 50,000 


» Total or Resultant Horizontal Subsoil Re-ac- 


tions, ...... dseeeses eeebesaaauense ease éwawninesios ~ 30,00 se. Se 
» Vertical Forces, ........000- eewasseseesaws aspen tess 


Tables I. and II. contain detailst of the calculation of »ll the quantities indicated 
in this Paper, ending with the following.— 
Total Disturbing Force, =(P) = =138,710 Bhs. 
Moment (of Instability) of Disturbing Forces, Mg = 11,072,400 ft. Ws. 
Moment (of Stability) of a/Z Vertical Forces, My = 4,197,600 
Hence are calculated by Eq. (49), Art. 54, the final quantities, 


Total Horizontal subsoil Re-actions, Vann ecu Roe = Hee Ibs. 
? eels! hatin ” 
also by Eq. (58), Art. 55, 


99 


9 ” 


Beem mner Bnet dnt 1 


Po = 6,860 Ibs. per sq. ft. 


Greatest intensity of down-stream hori- 
zontal subsoil Re-action at foot of } p” = 12,840 Ws. per aq. ft. 


Approximate calculations were considered sufficiently accurate for this Problem : 
thus in Formule 20, 21, 28, 24, A, ~ have each been taken as = 1, also 2g = 64°4 = 
64 nearly. The Results are all stated in round numbers. The numerical work has 
been carefully checked. 

[It rests solely with the Resident Engineers to decide whether the soil can or cannot 
bear these intensities of pressure safely, and the Stability depends solely on this}. 


* Rankine’s Applied Mechanics, Art. 179. 
{ With list of references to all the formule required. 
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Sc, V.—-TransversE STRENGTH. 


58. This is a question entirely distinct from that of Srasinity, and 
requiring distinct treatment. 

The general effect of the Disturbing Forces is to produce two distinct. 
Strains and Stresses at every cross-section, viz., (1), Shearing ; (2), Longi- 
tudinal (in the present case vertical). 


[Itis considered that a solid Masonry Structure is necessarily able to bear the Shear- 
ing Force, so that the only question requiring treatment is that of the Longitudinal 


Stress produced]. 

59. The Weight of the Superstructure and upper courses of masonry 
produce in a symmetrical Pier (the usual kind) an approximately uniform 
pressure all over each horizontal course of masonry, when the Pier is not 
under the action of the Disturbing Forces. 

It may be said in a general manner that the effect of the Disturbing 
Forces is solely to alter the distribution of that pressure, so as to produce a 
varying pressure—least intense on the near (up-stream) side, and most in- 
tense on the far or down-stream side. 

This variation of pressure may increase (with increase of the Disturbing 
Forces) to such an extent as wholly to relieve the pressure on the near side, 
or even produce tension on that side. The material will fail if either of 
the two stresses, viz., tension on the near side, or pressure on the far side 
exceed the limits of resistance to tension and crushing of the material. 

60. The Problem admits of consideration from two aspects, 


(1). To ascertain the actual Longitudinal Stress prodaced at any Cross-section in 
a given Pier by a given Disturbing Force. 

(2). To ascertain the diameter of Pier required to bear with safety the greatest 
Longitudinal Stress produced by a given Disturbing Force. 


It is supposed (by the author) that Piers would in practice be designed 
from considerations other than those of Transverse Strength, e. g., from 
considerations of Stability, so that the usual problem would be the 
former (1). Although somewhat more difficult than the latter, it will 
accordingly be considered. 


[It is asswmed by general consent* of the profession that the varying Longitudinal 
Strain produced over a Cross-section by Transverse Strain is a uniformly-varying 
Strain, also that within elastic limit Stress varies as Strain. 

These assumptions are necessary* to the formule (54) of Art. 65]. 


* Rankine’s Applied Mechanics, Art. 305, 
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[ The method adopted by the author is in principle the same as that adopted by 
Mr. E, Bell in the Report referred to in Art. 6. 

The author’s numerical results in the Example chosen (Art. 69) differ from those 
of Mr. Bell probably chiefly in cousequence of the different estimates of sub-surface- 
velocity adopted, sce Art. 28.] 

61. Plane of greatest Stress.—Remembering that Indian Well-fonnda- 
tions consist in general of a Pier placed on a somewhat larger Well neither 
of which taper much, it follows that— 


(1). The available power of Resistance to the Longitudinal Stress produced by 
the Disturbing Forces is approximately the same at every horizontal section of the 


Well. 
(2). The Longitudinal Stress actually produced at any horizontal section (of the 


Well) will depend entirely on the actual Bending Moment of the External Horizontal 
Forces (including Disturbing Forces and Re-actions). 

Now the Bending Moment of the Disturbing Forces clearly increases 
in magnitude from the top of the Well downwards; also under any con- 
ceivable distribution of the subsoil Re-actions (Arts. 41, 58) which will pro- 
duce Stasitity of Rotation, it seems (to the author) essential that within 
a short depth of the current bed there should be considerable * horizontal 
up-stream subsoil Re-action”, and that it should rapidly increase with the 
depth: the Moment of such Re-action will oppose that of the Disturbing 
Forces. Hence the following important Corollaries— 


1°. “The Bending Moment of all the Horizontal Forces (whether Disturbing or 
Re-actional) increases from the top of the Well downwards, and attains a maximum 
at some short distance below the current-bed, and the “ Greatest Longitudinal Stress ” 


ocenrs at that plane”’. 
2°. Inasmuch as the safety of the Structure depends solely on this “ Greatest Stress’, 


it is quite unnecessary (as a practical question) to consider any other. 

[This is an important saving in calculation J. 

It would be important to discover the exact position of this plane of 
greatest Stress, but this cannot be done without assigning the precise dis- 
tribution of the Horizontal Re-actions. Under the uncertainty attending 
any hypothetical assignment of this distribution, it does not seem (to the 
author) worth while to introduce so complex an investigation. It seems 
(to the author) most probable that the ‘‘plane of greatest Stress’ can- 
not lie at a depth greater than one-fifth of the depth of sinking—having 
regard to the necessity of Srasizity or Rotation. 

It will be assumed therefore in the remainder of this investigation that 
the plane of greatest Stress lies at this depth (one-fifth of depth of sinking). 
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62. Resistance of Masonry to direct Strain.—Those materials whose 
Resistance to tearing and crushing are equal are in general best fitted to 
resist Transverse Strain. 

The available Tenacity of ‘ Brick Masonry ” is clearly the least of the 


following quantities— 
1°, Tenacity of the Brick. 
2°. Tenacity of the Mortar or Cement. 
8°, Adhesion of the Mortar or Cement to the Brick. 
The available resistance of “ Brick Masonry”’ to crushing is clearly the 


lesser of the following quantities— 


4°, Resistance to crushing of the Brick. 
5°, Resistance to crushing of the Mortar or Cement. 


The “available Tenacity” of ordinary “ Brick Masonry is generally far 
© terior to its “ available resistance to Crushing”. In fact English prac« 
tice in designing Masonry Structures set in Mortar is not to depend at all* 
on the Tenacity of the mortar. 
An Extract from a Memo. by B. Leslie, Esq., bearing on the Strength of 
Mortar used in the Well-foundations of the Oudh and Rohilkhand Rail« 
way is appended. 


“My own experience of brickwork in India is that as a rule, it is superior to the 
average of brickwork in England. This is chiefly owing to the excellent quality of 
the bricks and the use of soorkee instead of sand for making mortar, by which the 
strength and tenacity of the mortar may become equal to that of the bricks themselves. 

In considering the tenacity of brickwork in a vertical direction, which is necessary; 
as the lateral strains resolve themsclves into vertical strains at the plane of fracture, 
we are to a very great extent dependent on the quality of the workmanship, and the 
supervision maintained during construction. In building up new brickwork upon that 
which has been built for some time, it is essential to remove two or three courses to 
arrive at “green work ” to which the mortar will adhere, and even then, as there is 
no vertical “bond”, we are entirely dependent upon the adhesion of the mortar for 
vertical tenacity ’’. 


An Extract from some “General Observations” on the Well-founda- 
tions in the same Railway by E. Byrne, Esq., Resident Engineer at Luck- 
now, bearing on the same point (viz., Strength of Mortar used in the 
Well-foundations) is appended. 


“The tenacity of Mortar * * * * may as a high figure be taken at 50 ths. per super- 
ficial foot. 3800 Ibs. attainable by the use of certain cements is not a thing of ordinary 
practice ; and if a floating mass carried down by unexpected floods should bear upon 
new, and hurriedly constructed brickwork, the shock received may quickly prove that 


* Rankine's Civil Engineering, Art. 263, 
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the mortar’used in putting it together had not attained a tenacity of even 20 Ibs. per 
superficial foot. 

Rough treatment to brickwork should as much as possible be avoided, for disturb- 
ance of any kind, is prejudicial to the setting of mortar, and its proper adherence to 
work which it is intended to keep together. 

The oscillating manner in which wells sometimes go down is attended with rivk ; 
for if heeling over be excessive, and when the mortar is still fresh, force be employed 
to regain position, fracture may ensue.” 


In absence of good data, and after such conflicting statements there 
appears (to the author) to be no reason to depart from established English 
practice for Masonry simply set in Mortar. 

[Admitting the Mortar to be even of superior quality, considerable allowance must 
be made for the rough treatment a Well is exposed to in the act of sinking, as being 
likely to impair the tenacity of its Mortar, vide Mr, Byrne’s opinion]. 

68. But some Indian Well-foundations differ in an important point 
from ordinary masonry in being bonded together vertically by iron ties 
connecting horizontal curbs. The introduction of these iron Ties must so 
greatly increase the “available Tenacity” of the Masonry (as a whole) 
that this Tenacity will become a very important element of Transverse 
Strength. 

Practical Remark.—It seems to the author that the best result would 
be obtained (in future structures) by placing a sufficient number of vertical 
Tron Ties on the side likely to be in Tension (the up-stream side)— 
especially where the Tension would be most severe, ¢. ¢., for some distance 
above and below the level of greatest scour—to make the “available 
vertical Tenacity” of the Masonry approximately the same as its available 
Resistance to Crushing. 

64. Wells classed.—Indian Well-foundations appear therefore to be 
divisible into two classes as regards the investigation of their Trans- 
VERSE STRENGTH, Viz., 

Casz I.—Tied vertically with iron-ties—Tenacity approximately equal 

to Crushing Strength. 

Casz II.—Simply set in Mortar. Tenacity to be disregarded. 

65. Formule for Greatest and Least Stress-intensities (p’, p”) at 
plane of Greatest Stress. 

Cask I. Well with vertical iron ties.—Assuming as in Art. 64, that the 
Ties are applied so as to make the available Tearing and Crushing Strength 
of the Masonry approximately equal— 


Practical Conclusion—The Crushing Strength of good masonry is known to be 
about 1,000 tbs. per square inch. It follows that— 
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It may be shown* that if 


W = Total Weight above any Cross-section AB. 
A = Area of that section. 
Mu = Bending Moment (of Horizontal Forces) at that section. 
a,8 = Distances of centre of gravity of that cross-section from the down- 
stream and up-stream sides of the cross-section. 
I, ==: Moment of inertia of the cross-section about an axis acroas the stream 
through its centre of gravity. 
2’) Pos p” = Greatest, Mean, and Least intensities of Stress over the cross-section. 


Thea, p' = 7. + ae @, (PFESBUTC)......cceceesereers sseaa't 
Ww 
Po masa A? (pressure) eoecesr Cvoevesvccone @eeceseceevesececess eee \ .se0e( 54). 
pressure or tension according as 
p= SMEG (ew te | 
e A > < “TY B eeoccccces ecoee {f 


Case. IT. Masonry simply set in Mortar.—As (by hypothesis) the 
Tenacity of the Mortar is not to be relied on, it follows that there should 
(for safety) be some pressure over every part of the Cross-section, so that 
the Longitudinal Stress at that section should be all of one kind (viz., 
pressure). | 

Now it may be proved* that in this case (1. ¢., when the Stress is all pres- 
sure), “the Greatest and Least intensities of Stress are the same for all 
material (which is capable of bearing a uniformly-varying Strain), within 
the Elastic limit of Crushing Strain”, and may therefore be found by the 
same formule (54) as given for “isotropic” material (7. ¢., material whose 
extension and contraction under equal Loads are equal), 

[The limitation to the application of formule (54) to this Case is of course that p* 
must be positive (i. ¢., represent pressure), so that if (on trial) p” be negative the 
formule: (54) are inapplicable, i.e., do not yield the true values of either Stress, but 
it must be remembered that the fact of p” becoming nevative would indicate tension 
over part of the cross-section, in which case the Pillar must fail by tearing, (it being 
supposed incapable of resisting tension), or at any rate be dangerously strained]. 

66. Application of formule (54).—These formule are true for any cross- 
section. It is practially sufficient (Art. 61) to find the stress-intensities 
for the cross-section of greatest stress only, which will be assumed (Art. 61) 
et 1 of depth of sinking below current-bed. All the quantities W, A, 

Mg, 2, f, I, must of course be taken for that section. 


* See“ Professional Papers on Indian Engineering,” Second Sorics, No. LXXV., on “ Transverse 
Strain in Pillars”, hy the present writer. 
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The quantities W, M,, are of course to be calculated by the principles 
and formule of Sections II., I1I., IV. 


The calculation of W presents no difficulty. Mg is strictly the Resultant Bending 
Moment of al/ horizontal forces above the plane of greatest stress, and therefore includ- 
es a partial Moment of both up-stream and down-stream Horizontal Sub-soil Re-actions 
(Bx, R'n). 

It appears (to the author) that at any such small depth (as chosen) below eurrent-bed 
both these partial Moments will be very small COmpared with the large Moment of 
Disturbing Forces. 

The uncertainty as to their distribution makes it unadvisable to increase the com- 
plexity of the calculation by attempting to introduce tkem, if the error consequent on 
their omission is small. Now this error is not merely small (us explained), but is an 
error on the side of safety, because it is easily seen that the partial Moment of Ry’ 
must be greater than that of R’s and therefore that the (omitted Resultant Moment 
of R'g, R's is a moment of opposite sign to that of the Disturbing Forces, so that the 
omission is equivalent to an over-estimation of the moment Mu, and is therefore an 

error on the side of safety. It seems therefore sufficiently accurate for the present 
Problem to estimate Ma as equal to the Moment of the Disturbing Forces only. 


67. Application to cylindric Wells.—The cross-section being a circle, 
Area — A — nr? POORER ECEC EN COSC Cee Tene OOOO DOES OOO CeEeneerD 


a=? = rb) Coccvcecesescce ‘ee 
Moment of inertia*® | 7 _ 7 (55). 
about centre,... 7 4 , 
Hence formule (54) become, 
1 W 4Mu \ 
P Seuss wr -+ rr ececesece toneeones eCoovescees 


W 
Po — “er SCOKHHHHSCHHHESHHH CHEETOS seeeeeeeyeeoe Seeeessesseneegese (54a). 
W 4Mu 
wr = rT eeeevnespaaeete*eseseeeeneen 
3,—It is convenient in the first instance to take the lineal foot and avoirdupois 


pound as units of length and weight throughout. 
Theresulting quantities 7’, p,, p” will of course be in pounds per square foot. These 


should finally be reduced to their equivalents in pownds per square inch}. 

68. Level of no Tensile Stress.—It appears from actual examples of 
cylindric Piers in the Oudh and Rohikhand Railway (see Ex. in Art. 69) 
that there is always severe Tension at plane of Greatest Stress; hence 
the following important results :— 


Y 


pb” = 


“Masonry simply set in Mortar is unsafe for Well-foundations”, ......0..000 (56), 
Well-foundations should be tied vertically with iron-ties about level of cur- (57 
rent-bed to enable them to bear this Tension safely,” ..... susie uabebaseee ) 


Hence an important question arises, viz., to find the level of no Ten- 


* Rankine’s Applied Mechanics, Art. 205. 
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sile Stress, as the vertical Tie-rods should clearly be carried to this 
height. This would be found by solution of the equation (54), p" = 0, 


whence for any Well, ae ye v. y covsccoee OF in case Of # cylindric well 
Mz = + Wr, from Kg. (54a). 

(This Equation considered as a function of ¢@ (depth of plane required) is so complex 
that it could only be solved by approximation. The expression for M,, would more- 


over require a re-casting of the formulx (19 to 21) for Total Current-pressure and (22 
to 27) for Moment of Current-pressure, as the “limits” of the integration would in 
general be different to those used in those formule in the actual forms given in the 
Text. This can be easily done from the general expressions in the Appendix ]. 


As in the Example chosen for illustration (Art. 69), it will be easy to 
show that the “level of no Tensile Stress” is actually but little below the 
Flood level, and as the Example seems a fairly typical one, it appears 
hardly worth while to introduce here the complex formule for My in gene- 
ral, 

The following are important practical conclusions :— 


“In slender cylindric Masonry Piers exposing a large Girder-sarface to ) Bg 
Wind, the “level of no Tensile Stress ’’ is very high up”’, ...... eee | (58). 


“ Such Piers if simply set in mortar are dangerously liable to failure by ) 
want of Transverse Strength, (7. e., by opening of the joint under Ten- > (60). 
sion) under effect Of high wind Alone resus secececceccrececesreccccccsecsscenes ( 


‘Such Piers should be tied with iron tie-rods nearly throughout their length ” (61). 

These conclusions will appear startling and even opposed to the result 
of experience that Piers have almost invariably failed by tilting over, i. €., 
by want of Stability of rotation (Arts. 5 and 44). 

It will be well therefore to examine carefully the ground of these con- 
clusions. In the first place the investigation from which the fact of 
existence of Tensile Stress is deduced by formule (54) depends essen- 
tially on the hypotheses that 


(1). “Transverse applied Force causes in Masonry a “ aniformly—varying ”, 
Longitudinal Strain over any cross-section.” 

(2). “ Stress in Masonry is proportional to Strain within the elastic limit. ” 

These are the hypotheses either explicitly or implicitly made by all 
writers on Applied Mechanics: the author is not aware that there is any 
experimental evidence of the truth of these hypotheses in the particular 
case of Masonry. Herein is the weak point of the investigation. They 
have however the weight of authority, viz., of general adoption by writers* 
on Applied Mechanics. 


* See Rankine’s Applied Mechanics, Arts. 205, 215. Rankine’s Civil Enginoering, Art, 263, 
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On these “hypotheses” it follows necessarily that a solid cylindric Pier is one of 
the weakest forms as regards TRANSVERSE STRENGTH : for the utmost deviation 
of the Centre of Pressure on any cross-section—from its centre of figuare—of ali the 
External Forces (both Vertical Load and Disturbing Forces) consistent with the non« 
production of TENSION is only* 4 of the diameter, which in a slender cylindric well 
is of course a small quantity (e. g., only 2 feet in the Ramganga 16 foot Wells). 

Lastly, with regard to the observed fact, that Wells have hitherto almost 
invariably failed not by cross-breaking, but by want of Srasiuity or 
Roratton, the argument above enforced is only to the effect that— 

“There will be some Tension throughout the groater part of the height of a slen- 
der solid cylindric Well, increasing in intensity downwards from about flood level to 
a little below the current-bed. ” 

[ Mr. Bell’s Report gives diagrams which clearly show this important fact in the 
case of nine different Piers of Railway Bridges on the Oudh and Rohilkhand Railway}. 

It must be inferred that the quality of Mortar and partial employment 


of vertical iron ties have hitherto sufficed to prevent actual fracture, but 
it does not follow that the state of Tunsion was not dangerous to Masonry 
simply set in mortar. As before stated, English practicef is that the 
Tenacity of Masonry simply set in mortar is not to be depended on. 


[ That the danger of cross-breaking of slender Masonry Pillars under effect of 
High Wind only is by no means distant may be inferred from the fact that the Isha- 
pur Factory chimney snapped in one of the cyclones of 1864 and 1867, and the Kidhar- 
pur Church spire snapped in both those cyclones], 


Example. 


69. The same example is chosen for illustration of the principles and 
formule of Section V. as in Art. 57. 

The plane of Greatest Stress is assumed at a depth below current-bed of 5 feet or 
3 x depth of sinking for reasons explained in Art. 61. 

Tables III. and IV. contain details of the calculations of the Load (W) and Bend- 
ing Moment (M,,) at plane of Greatest Stress with list of references to all formulss 
required ; the results being W = 1,687,580 Ibs., M,, == 7,727,600 Ibs, 

Hence by Eq. (544). 

p = 8147 4+ 19272 = 27,419 ths. per square foot, (pressure). 


Po = 8147 = 8,147 %s - (pressure). 
p’ = 8147 — 19272 = — 11,125 » 9 (tension). 
These are equivalent to . 
Greatest intensity of pressure p' = 195 Tbs. per square inch. 

Mean intensity of pressure po = 60 89 ‘ 
Greatest intensity of tension p"= 77 3 cs 


* Rankine’s Applied Mechanics, Art. 205. 
* Rankine’s Applied Mechanics, Arts, 205, 215, 
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Case I. Well with vertical iron ties.—This Pier is amply strong enough if so 
tied on up-stream side (about level of plane of greatest stress) that the effective Ten- 
acity and Crushing Resistance are approximately equal. 

Case IL Masonry simply sct in Mortar.—When the Disturbing Forces simulta- 
neously reach their maxima, the masonry will be very dangerously strained, as it 
has been shown that a large Tensile Stress will fall on the up-stream side at the plane 
of greatest stress—(the tenacity of the mortar being disregarded). 

(V.B.—The Tensile Stress will not be exactly 77 its. per square inch, as formule 
(54 A) are not applicable to Case II. when actual Tension exists. The proper for- 
mules for calculating the Stresses in Case II. when actual Tension exists are so 
complex, that it does not seem worth the labor of calculation]. 

It having been shown that there is severe Tension at plane of Greatest Stress, it 
becomes important to find out the level of “ plane of no Tensile Stress”, as below this 
level the Masonry should certainly be tied with iron Ties. 

Now it is easily seen that at the Flood-level, 

W = Weight of Girders + Weight of Pier above flood level, 


13 \? 
= 44,800 +1125 x «x (=) x 10°85, = 206,880 fhe, 


M,, = Moment of Wind on Girder + Moment of Wind on Piers, 
== 12,680 x 13} +- 2480 x 5°4, == 184,800 foot-pounds. 


w 4M Wr — 4M 
Also by Eq. (544), p” =—- —2 = —_3 
TR GA? = sa 5 =a 
wp = 206, ee = 566 tbs. per square foot pressure. 


7 xX8x8x8 


Hence the Least intensity of Stress at Flood-level is 566 ths. per square foot, ot 
4 Ibs. per square inch, and is pressure. 

The actual PRESSURE is so small that it is obvious that TENSION must ensue at a 
short distance lower down ; in fact on repeating the process at the level of the top of 
the Well, it appears that at that level there is an actual TENSION of 5 Tbs. per sq. in. 

It follows therefore that “from some short distance below Flood level there is some 
vertical TENSION at each cross-section increasing downwards to some short distance 
below the Current-bed”. This bears out the general “ conclusions ” in Art. 68 


TaBLeE IIJ.—VeERTICAL LOAD AT PLANE OF GREATEST STRESS. 














Weight 
: ‘ Reference 
| oe Volume in cubic feet. (Weight in fhe. to Text 
Girders, O@e eee eoores 44,800 


18 foot Pier, | 112°5 | x x (3)? x 2785 | 416,070 | Arts. 17, 18. 
16 foot Well, | 112° | w x (5)* x (47-4+5)| 1,176,710 | Arts. 17, 18. 





-*., Vertical Load at plane of greatest eae 
Stress, 4. ¢, W = } : 1,687,580 | Art. 66. | 
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APPENDIX. 805 


Apprnpix I, 


Construction of formule (14), (15) for subsurface velocity. 


70. The Mississippi experiments show that 
if Mo Mp represent the depth (D) of a current, 

»» Po Mo represent the “ surface velocity”? (Vo); 
» Pp Mp represent the “ bottom velocity (Vp), 

Then the velocity (V) at any point M whose ™ 
depth below the surface is M, M = d will be re- 
presented by the abscissa PM of the parabola Po 
PAPp whose axis is Az at a distance d’ = MM’ 
from the surface depending on the “ hydraulic 
mean depth” and force of the wiad. 

To find a formula for V the velocity at any 
depth d in terms of d@ and of the data Vo, ad’, 
Vo, D :-— 

Let py be the latus rectum of the parabola, 

Then PN? = p x AN from the property of 
the parabola, 





or (@' — dj? =p.(V' — V) for any point, .......ccccssssceesccssceccnsees sre G) 
. @2=p.(V' — V2) for the surface, ....... sausaeutia siaeawuts sxieisvae: OL); 
and (d' — TD)? = p.(V’' — Vp) for the bed, ............. seaweeees sbueius eesescsee (Cll): 


Hence subtracting (ii) from (i), d' — 2d'd = p x (V, — V) 
And subtracting (ii) from (iii), D* — 22'D = p x (V, — Vn) 
, 4d — 2d) V.-—V 
°* D(D — 2a) ~ Vo — Vo 


Hence V = V,—(V, — Vo). Soe “ = ie which is formula (14) of the Text. 


"9 
Also V'=V,+(V,—Vp). D rere “ay? (for V = V’' when d = @), which 
is formula (15) of the Text. 
Total Current Pressure. 


71. CasEl. Well cylindrical, or with slight continuous taper. 

Let 6 == breadth of Well at depth d, 

bo, bv = breadths of Well at surface (d = 0), and at current bed (d = D). 
A = area of vertical diametral section of Well in the cunent. 
p == pressure-intensity (per vertical linear unit) round a ring at depth d. 
P = Total Current pressure on the Well. 


Then P = Sf p. dd, (if the cross-section of Well be uniform, or change continuously). 


kwd. Me . 4@ , by Eq. (18). 
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= an. 32. B.f” (1-% + m): dd, where 8 is some value of the 
Pe aiecpe 3 intermediate to 5, and Bp. 


2 a 1 @ 
= hw, ve .B [@#-3 D +35, 
kw. BDI 
ete =, a D (-3 +) == X hw. 3 °8 in general. 
Now 6B = 3) = Fu if the Pier . cylindrical. 


B= 5 (2 + bo ) approvimately, if the Pier taper only slightly. 
Hence 
8D = A in former case, and approximately in latter case. 


w 


2 
ne =e — bs XkwaA. 2 for a cylindrical Well, and approximately also for a Well 


with continuous slight taper. This is Eq. (19) of Text. 
Case II. Short cylindric or slightly tapering Pier on a broad cylindric or slightly 
tapering Well. | 
[If the breadth of Pier at base be very different to that of Well at top, the cross- 
sections are discontinuous, and the previous formulse inaccurate. The Total Pres- 
sures on Pier and Well must be separately estimated, It is considered that the slight 
taper may in practice be disregarded]. 
Let P', P” = Total Current pressures on Pier and Well. 
b,,B = Average breadths of Pier and Well. 
@, = Depth of top of Well below surface 
Then by a slight modification of ei of Case eh 


a 18 
Ps f-"p.da =m. 58 | ~E tea 
_. Ve 2 a? i dty. 
sie alee 8 5 Tht: De) this is a (21) of Text. 


> ,iap 
P= f p.di= = kw, © 3B [4-5 o« +eorl, 


V.2 24°, 1d 
she. or. .B. (ep. da, (1-5 wd 5+ ; ) } 8a. (21) of Text. 


Depth of Centre of Current-pressure. 


72. Case I. Well cylindrical, or with slight continuous taper. 


By the ordinary analytical process for finding Centre of Pressure and with notation - 
as in Arts. 85, 36 and 71. » 


P.d,= yh pa .dd, (if the cross-section of Well be uniform or change continuously). 
0 
3 
D V.* ( o) , 
mw. 6. 99° 1 .d. dd by Hq. (16). 


aa hw, 52 8” (4- 2 7+ a): dd, where 8 is some value of 5 in- 
pee a : 
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kw. ues . AD, if the Well be cylindrical, also approximately if the Well 
taper = slightly. 
Hence do =; tw, © 5 ADP =o 5b, which is Eq. (22) of Text, 


Casze II. Short oink or aight tapering Pier on a broad cylindric or slightly 


tapering Well. 
[I€ the breadth of Pier at base be very different to that of Well at top, the Cross- 


sections are discontinuous, and the previous formule inaccurate. The Centres of 
Pressure on Pier and Well must be found separately. it is considered that the slight “ 
taper may in practice be disregarded]. 
By obvious modifications of steps of Case I., and with notation of Arts. 85, 36, 71. 
q Vo" d* 1 dad 1 @4 
’ ‘ 1 er ey as ea fa (ae | 
P' .d, ae ae dd=kw. 5° bo | 5-5: 5 +557]. 


V,? 
= kw. ¥2 ig So f+ a). 


1 which is Eq. (23) of Text. 


6 
& 
II 
l 
& 
me ayes 
wh 


4 
Bd =f? pd.dd = nie. B.[5 — spate a], 


‘acu _V,? B d,? 1 d, 
ae > a (Q-f4+5 oi )} 


ly 1d, 
gt al 3? -(1-{5 + sm): ay some 
a4 =o: oe, is Eq. (23) of Text. 
- rai aa Step )4 


Centre of Pressure of Horizontal Re-actione. 


78. The depth of the “Centre” of fluid pressure against a vertical rectangle 
whose top and bottom lines are at depths D' and (D’ + /) below the surface is known 
to be* at a depth below that surface of 

_ 2(D' + 4)? — D® 
depth = 5 (pp ay =D? 


-*. Height of that Centre of Pressure above the base is 
3 
hy = (D! +4) — Oana , (which on reduction becomes) 
=; 8D'+ rh 
esate org Cts i) this is Eq. (82) of Text. 
® Cape's Mathematics, Vol, II., Art. 494. 
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Position of Resultant of Vertical Friction. 


74. It is explained in Arts, 21 and 52 that at instant of incipient motion the 
Vertical Friction is confined to the down-stream side of the Pier and that its distribu- 
tion round that side may be graphically represented by a very thin semi-circular 
wedge. This distance of the Resultant of a system of Forces so distributed from the 
centre of the wedge is known to be* in general _ 

4 4 
f = = : — where r,.r' are the external and internal radii of base, 





a r4 — (7 + 2)! 
= i¢ Po wt if tbe the thickness of shell, 
_ Be 4rtpereterite — ae 7 +8; e448 +3 ; 
—ag,7rLafas 7= ore 
~ 16° 8rit+ srt é 16° a+af4 5, 
Sa 4 


= 7 16 3% when ¢ is (as supposed) indefinitely small, 


= sa r, which is Result (42), Art. 52 of Text. 





* Rankine’s Applied Mechanics, Art, 83, Case XVI. 
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Arprenpix II. 


75. Extracts of Reports on Wind-pressure referred to in Art. 23. 


Extract of Letter No. 596, dated 5th Decembay, 1872, from Meteoro- 
logical Reporter, Bengal. 


Srr,—I regret to say that there are very few data obtainable for ascertaining the 
maximum pressure of the wind. The only pressure anemometer that I know of in 
Bengal is that at the Surveyor General’s office, and it has been blown away in both of 
the severe cylones that we have had of recent years. In a cylone on the 9th June, 
1869, which was of considerable force, but which did little injury, the maximum pres- 
sure was 50 lbs. per square foot. In the North-Westers that occur chiefly in March 
and April, a few gusts sometimes occur of between 30 and 40 Ibs, to the square foot. 
The readings of a cup and ball anemometer such as are generally in use at the 
meteorological stations, cannot be made to afford the datum you require, because in 
stormy winds the high pressures are always intermittent. In cylones for example, 
the pressures alternate rapidly between 5 or 6 and 50 Ibs. and no empirical formula 
by which even a rough approximation of maximum pressure under such circumstances 
can be obtained from total movements has been ascertained. 


Extract of letter No. 236, dated 13th December, 1872, from Supdt. 
Science Department in Oudh. 


S18,—In acknowledging the receipt of your letter dated 9th December, 1872, I have 
the honor to give herewith the dates on which storms occurred with high pressure of 
wind registered by Osler’s Anemometer— 

20th April,1868, .. 40 Is. pressure per square foot, 
11th May,1868, .. 380 , 
19th July, 1869, .. 20 
28rd March, 1870, .- 25 
2nd May, 1871, o §«=«§.:« 40: —="» 
22nd May, 1871, —«.. 40 ,, 
12th May, 1872, .. 25 ‘ 

2. On the 28rd February, 1868, before Osler’s inne had been put up, there 
was a storm which blew down 5 walls, 7 minarets and 223 trees within the limits of 
the City of Lucknow. There was no means of recording tho pressure of the wind on 
this occasion. 

8 The following are the velocities on record corresponding to some of the storms 
previously given— 

19th July, 1869, 8 miles in 15 minutes. 
2nd May, 1871, oe O81 y 40 4 
12th May, 1872, .. 76 y 85 yy 


A. ©. 
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No. LXXXIV. 
KALSI SUSPENSION BRIDGE FOUNDATIONS. 


By Lreor. J. T. Wricut, R.E., Assist. Engineer, D. P. KB. 


6th May, 1873. 
Tue foundations of a new tower for the Kalsi Suspension Bridge, of which 
the dimensions were to be 40 feet x 15 feet, had to be carried down to a 
depth of 20 feet below low-water level. The excavation, which was com- 
menced on the 5th February, was to be completed by the end of March 
at latest. | 


Owing to the want of space, due to the proximity of the back pier on 
one side, and the nearness of the river on the other, it was not possible to 
dig an open pit, for the soil, which consists of boulders, loose gravel and 

Fig. 1. 


Ae \ 
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sand, would not have stood at a less slope than 2to1. The following 
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plan was devised by the Superintending Engineer:* Wooden cases of 12 
inches X 12 inches scantling of cheer wood were to be fixed, commencing 
from low-water level’in the same way as the cases of an ordinary mining 
shaft, ¢.¢., the first case having been fixed, the eagth underneath it was 
to be excavated to allow of the fixing of the second case, in lengths not 
exceeding 20 feet, and so on. 

The interior dimensions of the first case were 42 feet x 29 feet, so as 
to allow of the cases being fixed with off-sets of 4 inches in their length 
to admit of the arrangement described below. 

As soon as the water level was reached the water began to make very 
quickly, and it was at first feared that the single pump (7-inch Gwynne’s 

Fig. 2. centrifugal) would be insufficient to keep the 
water down. It would not have been possible 
to drive piles in such soil and make a re- 
gular coffer-dam to keep out the water: so 
the joints between the cases were to be made 
water-tight in the manner shown in Fig. 2. 
The bolts were to come up through slots in 
the off-sets, and tarred hemp was to be laid 
between the cases, the nuts being screwed 
well down to make the joint water-tight. 

It was, however, found that practically the water never came through 
between the cases, but that as each successive case was fixed, the water 

Fig. 3. ran down behind it and came up underneath. The 
arrangement of bolts and tarred hemp was therefore 
rendered unnecessary, and each case when placed in 
position was connected with the one above it by flat 

Section iron spikes 10 feet apart (with eyelet holes in the 

upper ends) driven into the off-set, and spikes driven 
horizontally through the eyelet holes into the case 
above (vide Fig. 8). 

Owing to the looseness of the soil much difficulty was experienced in 
getting the timbers of the cases into their proper position; for a single 
small stone or a little gravel falling down into the place prepared for a 
timber, while the timber was being placed in position, necessitated its re- 


and fresh clearing. At first the timbers were driven into thei, 
* Major 4. Perkins, R-E. 
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places by blows of heavy wooden mallets; but the shock of the blows to 
the soil caused the above mentioned hindrance: so the following plan was 
adopted. - Pieces of angle-iron were placed horizontally on chocks of wood, 

and when greased the timber was placed on the iron (Fig. 4), and but 


Fig, 4. 
Levene 





slight pressure was needed to run it meres: into its place. 

Occusionally large boulders of several cubic feet content would be 
found in the line of the casing and cause considerable delay: it was found 
better to leave such boulders in their places and to cut away sufficient of 
them with chisels to allow of the timber being fixed. 

When a depth of 10 feet below low water level had been reached, the 
boulders came to an end, and a stratum of hard gravel was reached. At 
this period of the work the pump got choked, owing to the chips from the 
carpentering in the foundations getting through the strainer, and the 
foundation filled with water. When it had again been emptied, it was 
found that three of the lower cases had, (owing to the cross pieces not 
having been fixed,) by their buoyancy got wrenchea out of position. The 
getting of them into proper position again was found to be so tedious, | 
that it was resolved, as there was ample room (the dimensions of the pit 
at 10 feet deep being 41 feet x 20 feet) to set off at that depth a fresh 
set of casings entirely within the others, the internal dimensions of which 
were to be 40 feet x 18 feet. This was done, and by the 20th March seven 
more cases had been fixed, making a total depth of 17 feet below low- 
water level, and 14 feet 6 inches below the lowest level of the bed of the 
river. As time pressed, and a firm subsoil had been reached, orders were 
given to go on with the masonry at once. The masonry has up to the pre- 
sent date been carried up to a height of 22 feet, and the whole of the 
wood used in the casing has been extricated; each case was taken out 
piece by piece as each foot of masonry, was completed ; the place vacated * 
by the timber being immediately filled in with large boulders. 

The earth from the excavation was raised on to stagings in boxes with 
movable bottoms, containing 4 cubic feet each, by means of crab winches.* 
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The large boulders met with were raised by an Eade’s block (8 tons). 
Work was carried on night and day. 


Remark.—There would not seem to be any practical difficulty, where 
engine power for pumping is available, in carrying down a foundation in 
this way to any depth, provided the casing be of strengths ufficient; and 
the expense need not be unreasonable. The Gwynne’s centrifugal pump 
worked admirably day and night from 10th February to the 5th May, 
keeping the foundation almost entirely dry, and got out of order but 
twice; once when it was chocked with chips of wood, and once when the 
leather of the valve in the valve box got destroyed by the sharp gravel 
which got through the strainer. The nozzle of the pump was always 
sunk 24 feet below the bottom of the excavator, and an open space was 
kept clear round the strainer by men working with their hands. The 
delay of adding a fresh length of pipe is considerable, so it is advisable 
in a work of this sort to have two pumps, so that the pumping need not 
be stopped while a joint is being made. It is a good plan, when there is 
but one pump, to support the pump platform by wedges, screw jacks, &c., 
so that it can be lowered (without stopping the pumping for long), a foot 
or so at a time as the excavation proceeds. The pumping engines were— 
Ist, a 10-horse-power portable Clayton and Shuttleworth; 2nd, a 12- 
horse-power do. The belting was worked from the large fly-wheel, as 
the revolutions being slower the bearings did not get so hot. 


J. T. W. 
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No. LXXXV. 
BULL’S PATENT “OBLONG” FLAME-KILN. 


On a principle Patented by W. Butt, EsqQ., C.E., Resident En- 
gineer, O. & R. Railway, Lucknow. 


In the 5th Quarterly number of the “ Professional Papers ori Indian En- 
gineering,” 2nd Series [No. XLIX.], published in July last, a description 
was given of a new form of Kiln, combining increased efficiency, with great 
economy of fuel. Drawings of an “Annular Kiln” for continuous firing 
accompanied the description, but it was pointed out that the system applied 
equally well to kilns of an oblong form. The circular form of kiln requires 
a large area for erection and working. The oblong form, of which a plan 
is here given, will be found more suitable for places where a large area is 
not obtainable ; the principle of working being the same in both. 

The arrangement for turning the corners is shown in the plan. In the 
square portion of kiln at cach corner, for firing which flues are only avail- 
able on one side, they (the flues) are closed in as high up as possible, and 
serve for the passage of the draught into the passages running at right 
angles to those in the part referred to. 

In practice it has been found that the open brick on the top of the 
draught passages described in the former Article is not required, The 
parallel walls of unburnt bricks are therefore only closed in at top by a 
single brick flat, on which the thick layer of ashes or earth should be 
spread. | 

A kiln of the description here given is capable of burning 20 lakhs of 
bricks in one season. 

Further, practice has proved that the economy, simplicity and certainty, 
realized by burning bricks on this plan are so great, that but for the 
apathy with which anything new is treated in India, the ordinary style 
of Flame Kiln would soon become a thing of the past. 

W.B. 
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No. LXXXVI. 
IVE’S PATENT EXCAVATOR. 


By R, T. Ives, Eugineer, Department Public Works. 


In this Article, I propose to introduce to the notice of the Civil Engi- 
neering Profession in India, drawings of an Excavator, which I hope may 
prove a successful addition to the many inventions now extant for the 
. furtherance of railway bridges and other works in this country. The in- 
vention is my own, and I have the greatest satisfaction in stating, that 
the machine is now in full and successful working in the reconstruction 
of the Beas Bridge Works, on the Sind, Punjab and Delhi Railway, and 
meets with, I believe, the thorough approbation of the Engineers in charge. 
Thus it will be seen, it is peculiarly adapted to all works of the class of 
heavy well sinking for railway bridge purposes—and it can be applied to 
any, and all kinds, of excavations, such as “ deep foundation under water,” 
&c., &c. On this head I venture to hope the drawings will be sufficiently 
explicit. 

I may mention that from past experience in well sinking, and heavy 
works on the “ Soane” and “ Jumna” Bridges of the East India Rail- 
way, and also on the works of the Chenab and Ravee Bridges of the 
P. N. State Railway, the fact was forcibly impressed upon my mind that 
the several inventions in vogue were somewhat insufficient in the working 
out of any substance, except sand, from the many wells under construction 
I may be permitted to mention further (although I do not desire to detract 
from their value) the invention I have now the pleasure to note will con- 
trast most favorably with the working of those of Messrs. Fouracres and 
Bull, inasmuch as their Excavators do not effect the removal of such heavy 
materials as clay, kunkur, &c., from deep wells and foundations. It was 
after careful study and experiments that I determined upon the present 
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plan and matured details of the invention. It successfully and permanently 
removes, without difficulty, all such heavy materials as are mentioned 
above, and prevents the necessity of employing European divers on such 
difficult work as is experienced in deep well sinking, sixty to seventy feet 
under water. It is this that has induced me to contrive an Excavatior to 
do this work independently of divers. . 

You will perceive by the sketch, that this Excavator differs very much 
from all others in entering the soil to be removed, by avoiding all 
circular motions in trying to penetrate theclay. The blade of the Instru- 
ment represents as nearly as possible the blade of a shovel or spade on 
a large scale, and goes straight into its work, not by the pressure of a 
man’s foot or shoulders [as that force is not possible at the bottom of 
a well seventy feet deep, where it is only possible to a diver,—-whose work 
this instrument replaces to a certain degree—] but by the repeated blows 
a heavy weight, called a cast-iron monkey, worked by a line in any posi- 
tion above water. It has been the great desire of the Inventor to turn 
out as simple an instrument as possible ; 

1st.—To avoid in the Excavator all springs, cams, clutches, pullies and 
all such like complicated gear, so liable to derangement in the hands of 
unskilled labor. 

2nd.—That the commonest field laborer should be able to work and un- 
derstand its action, and the principles of the work which is put into his 
hands to perform, without the risk of any damage, due to the rough 
usage that Natives generally give to tools which do not belong to them, 

Srd.—That it should be manufactured and sold for a small sum, so that 
any kind of works, however limited the works may be, could afford the 
purchase of one or more of them, even to sink wells for common District 
Road Bridges, and effect a saving in the generally low estimates for 
such work. 


Mop of worKING THE Excavator. 


The Excavator lock at the back is first pushed into place, a light line 
is then attached to the lock; the blade being now open or vertical with 
the monkey guide rod, the Excavator is lowered to the bottom of the well, 
where the whole instrament is kept in an upright position by the lowering 
chain being kept slightly tight. The monkey is now worked up and down 
the centre guide rod, by the line attached to it leading over a pulley fixed 
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over the well: the monkey being allowed to fall of its own gravity, giving « 
sharp blow to the anvil, and driving the blade into the clay at each blow: the 
number of blows required to drive the Excavator home should be ascer- 
tained by a trial’above ground. After this number of blows have been 
given, (with a few extra, to allow for the resistance of the water,) the lock- 
ing gear line is then pulled which draws out the locking bolt and releases 
the blade from its vertical position; when this has been done, the lifting 
chain is hove on by the crab, which drags the blade out of the clay with 
its load, in a position at right angles with the monkey guide rod. The 
blade now remains stationary in this position, and the continual heaving 
on the lifting chain brings the whole to the top of the well, when the 
shackle at the top of the Excavator catches a hook properly suspended 
from the gallows to receive it, swings the Excavator over a shoot, and lets it 
there empty itself, by the blade again falling to a vertical position, and 
all strain being taken off the lifting chain, The blade is now again in a 
position to receive the bolt of the locking gear, which is pushed into place 
by one of the men on the well. This completes the whole operation of 
working this Excavator, which must be very simple to all. 


The Excavator consists of several pieces of tht most simple construc- 
tion, allowing of any single part, on becoming damaged, being easily 
removed and replaced by the several spare pieces supplied with the ma- 
chine, and always kept on hand ; such pieces can always be made while the 
machine is at work, in anticipation of a break down at any time, needing 
only the stoppage of a ‘short time to change any broken part. Many 
cast-iron monkeys can be kept on hand of various weights, and changed 
to suit the hardness or softness of the soils to be excavated. 

The Excavators are made of various sizes: the smallest size now in 
use on the Beas Bridge of the 8. P. and D. Railway requires about five men 
and a mate to work it; with a single crab-winch on the top of the well, it 
will lift by this number of men, from one and a half to two cubic fect of 
hard clay at every lift, or from seventy-five to eighty cubic feet per day 
of twelve working hours: on some works I have seen not more than from 
nine to sixteen cubic feet taken out in twelve hours, with fifteen to twenty 
men, 80 difficult was it to get hold of the clay at the bottom of the well 
with the tools supplied for the work. 

The small Lixcayator is about eight feet in length over all, and weighs 
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from three to four maunds, As well as various sized monkeys, there are 
also many blades of various shapes and forms supplied with the machine 
for the purpose of fixing to it to suit all sorts of clay, kunkur, shingle, 
sand, or any other kind of substances. | 


R, T. I. 
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No. LXXXVII. 
ADDIS’ SINGLE-RAIL TRAMWAY. 


Tae Frontispiece represents one of Addis’ Patent Carts on his Single 
rail Tramway, as in use at Bombay and elsewhere. A tramway on this 
system can be laid, on which one pair of bullocks can draw a load equal to, 
or exceeding, that which three pairs can draw upon an ordinary metalled 
road ; while the cost of the tramway need not exceed that of the ordi- 
nary road. 

Mr. Addis patented his ‘‘ Cart and Wheel” in 1868 ; and in 1869 they 
were tried and favorably reported upon by the Bombay Commissariat 
Department. In the report on the Akola Exhibition they were thus 
described :— 

“Certainly one of the most useful models in this room was ‘ Addis’ 
Patent Cart and Wheel.’ It comprises two essential points, first the 
wheels are formed of segmentary parts of wrought-iron, circumferenced 
by felloes, and tired in the usual manner; the nave is flucsh with the spokes, 
thus lessening the risk of collision. Among the advantages possessed by 
this invention, the wheel is calculated to be durable, and easier of con- 
struction. The two axles, six inches in length, work in journals, and are 
easily arranged in case of damage. Another palpable advantage is that 
the pole is so arranged as to admit of the cart being drawn back without 
the necessity of turning, while it can be wholly withdrawn, passed through 
the centre of the box, in the body of the cart which contains a tent, and 
used as a tent-pole, while the platform can be used for sleeping on in 
swampy localities.: The exigencies of the Abyssinian Expedition prompt- 
ed this invention.” 

' Mr. Addis has made several varieties of carts for military, sporting, 
and other purposes, some being filled with bell-shaped tents: also as roat 
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watering carts, night soil carts ; the prices at Tanna, near Bombay, rang- 
ing from Rs. 150 to Rs, 350. 

The system of “ One-rail Railway,” is now coming into use in Europe. 
A railway on Larmenjat’s system, has been introduced into Lisbon, where 
it runs on a single rail along the common thoroughfares, In the (Lon- 
don) Public Opinio#, of 24th August, 1872, the following notice of this 
principle occurs :— 

‘¢ The importance of an extremely cheap system of railway, capable of 
providing outlying districts with better means of reaching the existing 
Jines, and of facilitating transit in towns, has long been recognised by 
Engineers, and it appears that such a system has now been devised. 
M. Larmenjat has, reports the Mining Journal, just laid down at the 
Place du Roi de Rome, at the Trocadéro, Paris, his one-rail railway, and 
La Houille announces that the official experiments on Thursday were* 
highly satisfactory. The invention appears to be identical with those of 
Mr. Addis, an English Engineer practising in India, which was described 
s few years since. The Locomotive weighs four tons, and has two wheels 
running bicycle-fashion on the rail, two other wheels in the usual position, 
and with caoutchouc tyres running on the roadway. The Engineer can 
throw the weight on the rail-wheels or road-wheels, at pleasure, the latter 
increasing the bite, and facilitating the ascent of an incline; there is 1 in 33 
on the trial line. The rail weighs about 7 kilos. +o the metre (15 ibs. to 
the yard), and does not rise above the roadway. <A speed of 8 to 11 miles 
an hour is attained, the motion is smooth and pleasant, and no difficulty is 
experienced in turning very sharp curves, the two loops at the ends of the 
line (which is about a quarter of a mile long) for permitting the train, con- 
sisting of the engine and 8 carriages, to change its position ready for the 
yeturn journey affording a very severe test.” 

The following is the Patentee’s specification :— 

This invention has for its object the laymg down of a Single Rail 
on any existing Road or any Road made specially for the purpose of a 
Tramway. 

I first form a single rail for my line, making use of any existing rail 
either of ateel or iron, and of any size or description. This reil to be 
ballasted up to the level of the road. 

It is purposed to run upon this line vehicles of every kind and descrip- 
tion, constructed after the ordinary ones now in use, with an additional. 
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wheel or wheels, varying with the length of the vehicles. This same 
wheel or wheels to be attached to the bottom of the platform of frames 
work of the vehicles, and to be flanged on both sides in order to prevent 
any moving off the rail. 

The vehicles themselves will have two or more wheels, which will run 
on the road on either side of the rails, while the centre double flanged 
wheel or wheels run on the rail. These wheels work on a swivel at 
tached to a screw, in order to raise or lower the body or framework of 
the vehicles above the surface of the ordinary road on either side, so that 
the whole of the weight of the vehicles and their contents would rest on. 
the rail, and their balance would be supported on either side by their 
own ordinary wheels. 

The centre double flanged wheel or wheels will have further attached 


wto them springs on either side in order to prevent jarring and jolting, and 


to give them a fair amount of play to suit the irregularities of the road, 
which would naturally tell upon the ordinary wheels of the vehicles. 

The vehicles can be worked over the proposed tramway either by steam 
or gattle power. 

A model of the above invention can be seen at the Bombay Chamber 
of Commerce. 

The Patentee claims for his invention the following advantages :— 

1st,—It can be laid down on one or both sides of any existing road at 
a distance of from three to four feet from the edge of the road, 

2nd.— Where no road exists, it can be laid down very well, and quite 
good enough for ordinary traffic, by ballasting a strip eighteen inches wide, 

8rd.—It can be laid down very rapidly: forty men can lay a mile of it 
down per day with the greatest ease. 

4th.—It is very cheap: the cost on an existing road, including rails, 


’ sleepers, nails, being not more than Rs. 6,220* per mile, as per estimate 


attached. The cost on a road to be made on purpose would be very little 
more, the extra expenditure being necessary on acconat of the little bal- 
lasting. noticed above, 

5th. oe cost of a truck is Re. a8 sens of carriage to site of 
tramway. 

6th. Upon the tramway a single pair of pallocks can draw from four 


to six times as much as in.a common cart on an ordinary road. 
? 


© For a “ Wooden Bleeper”’ line, Rs. 4,250. 
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.=—Lt does not interfere more than to the very slightest extent with 

the ordinary traffic. 

8th.—Should it gepout of repair, the most ordinary village workman 
can put it to rights: should the trucks also get out of order, the same 
thing is true. 

9th.—It can accommodate itself to the sharpest curves ever met with 
in ordinary roads, and even in those which would be met with in the 
streets of a town. 


Sketches and estimates of a tramway laid with either iron or wooden 
sleepers are appended. 


Seotion of Single-headed rail. Scale one-fourth. 


Ys: 1), ~~ 
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SCALE 4 FEET TO ONE INCH.- 


EsTIMATE FOR LAYING ONE MILE. 
Weight in Amount. 
Tons. BS, 
1 Lower Plate, eee ees eee eee eee 14:9168 
2 Lateral do., ove eee eee eee eee averral 4,200 
Rail, @ 20 per yard, see eee eee eee 15°7148 


Bolts and Nata, eee eee oes eee eee *7857 125 
Rivets, eee ooe eee eee oee vee 6288 105 
58'8178 


Carried forward, oan 4,480 


ADDIS’ SINGLE-RAIL TRAMWAY. 


Brought forward, ... 
Freight and Insurance in Bombay, ... =... oes 


Rupees, 

Laying down per mile, TT coe eae 
Royalty @ 8 annas per yard, seo eee eee eee 
Sundries, eee eee eae eee eee ees 
Total Rupees, 





$23 
RS. 
oe 4,480 
eee 1 ,000 
és 5,780 
eee 100 
a 380 
eee 60 
see 6,220* 


The above is calculated to be constructed on any existing road.~ The cost of main- 
tenance on this system will be one-third that of a Wooden Sleeper, Line. 


Section of Foot-rail with Wooden Sleeper. Scale, one-fourth. 
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EstiMaT® FOR LAYING ONE Mie. 


24 Tons Rails, eee vee eee eee eve eve 
700 Ibs. Spikes, vee —aee eee ose ose cos 
1,760 Sleepers, eee eee eee eco ev5 eee 
Laying, ove vee coe eee eee Gee eee 
Ballast, eee eee ee0 eee eee eee ooo 
Royalty, @ 2 annas per yard,.... pee eee ee 
Sundries, cote eee eee eee oe 


Total Rupees, ... 


° A. P 
2,880 0 0 
87 8 0 
440 0 0 
885 0 0 
200 0 0 
220 0 0 
87 8 0 
4,250 0 0O* 
W. J. A. 


To this amount must be added-the carriage of materials from Bombay to site of tramwey. 
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No. LXXXVIITI. 
PORTLAND CEMENT AT KURRACHEE. 


By W. H. Parcg, Esq., UM. Just. C.2., Superintendent, Kurrachee 
Harbour Works. 


Manora, 5th July, 1878. 
Tue following table gives the weight, bulk, and density of Portland 


Cement from three different manufacturers as despatched from England, 
and as found in India at Kurrachee, after periods varying from nine to 
eighteen months. 

Six casks of each consignment experimented‘on were carefully weighed, 
and their gross weight noted, the average was ascertained (the weights 
varied very slightly), and the cask which came nearest to this, was selected 
for trial. The cask was then opened, and the cement carefully weighed, and 
measured, the contents being shovelled as lightly as possible into the 
measure, and ‘‘striked.” The weights as despatched from England were 
ascertained from the invoices, and the densities from Mr. Parkes, the 
Consulting Engineer, who tested the cement before shipment. 

It will be observed that the weight had’ increased in the interval in 
proportions varying from 4 to 44 per cent., and the bulk from 4 to 124 
per cent., while the density (deduced from the two former), had decreas- 
ed in proportions varying from 1} to 92 per cent. The greatest increase 
of weight was in the lightest cement (White Brothers), and the greatest 
increase in bulk was in the heaviest (Knight, Bevan and Sturge), which 
also shows the greatest decrease in density. 

It is believed that the changes in questiom were caused by moisture 
taken up from the air on the voyage, amd in keeping in India. 
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This supposition is confirmed by the fact, that in making sample 
specimens into mortar for trial here, the proportion of water found requi- 
site was less than had been used by Mr. Parkes, the Consulting Engineer, 
in making up similar specimens with the fresh cement in London, the 
bulk of water and cement having been in both cases carefully measured. 

The heavier cement as containing more lime was naturally the more 
liable to swell under the influence of moisture. 

The “air slaking” thus undergone, does not appear to have been 
injurious, but rather on the contrary to have been beneficial, especially in 
the case of the heavier cements. This has been shown by the behav- 
Iour of the cements in extensive use. Thus the concrete blocks for the 
Manora Breakwater, each 27 tons in weight, and containing 33} cwt. (Eng- 
lish weight) of cement, (the other materials being sand, shingle, quarry lumps, 
and salt water,) were frequently lifted, conveyed on trucks, and set in 
the work in a month from the time of making. | 

On one occasion a block was set in ten days from the time of making. 
The cements were all found to stand the voyage and keeping in India 
very well, though without any special precaution, having been packed in 
the ordinary fir casks (which when emptied were used as fuel), and the 
storage sheds being merely adopted to keep off rain and dew. Thus out 
of a number of 18,809 casks used up to the present time, only 40 casks or 
fth per cent. were found unfit for use, the damage having been caused 
by leakage on board ship. 

The cost of the cement per ton, landed and stored at Kurrachee was 
from Re. 38-8-0 to Rs. 44-15-0 per ton. The variation was chiefly in the 
freight, the three kinds uf cement costing much the same in England, or 
from 42s, 6d. to 45s. per ton, including cost of casks, the lowest being the 
Wouldham Company, and the highest White Brothers. This was before 
the rise in price, which took place last year, owing to enhanced cost of fueb. 
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Weight, bulk, and density, as despatched from England, and as found 
in India at Kurrachee, after periods of from nine to eighteen months. 


Bulk of ce- 


Nett weightleask shovel.| Welght per 
Ww , shovel- 
Name of Manufacturer, and date of despatch [¢ peodbbite re led lightly bushel of. Remarks, 








from England and trial in India. one cask. into measire| ay Ja8 
ed.” 
he. | o.tt.dec. | the. 
KNIGHT, BEVAN AND STURGE. . 
Despatched 4th June, 1870... os 896 4:22 120 
Tried 7th September, 1871, oe 8993 4°58 1114 
Increasé per cent. ee $ 8% os 
. Decrease do, . : ee és =o 7 
Despatched 27th June, 1870, ee ee 896 4°29 120 - 
Tried 8th September, 1871, .. ie 402 4:75 108} 
Increase per cent oe 13 123 ee 
Decrease do., eo ee ee 92 
Despatched 15th December, 1870, _—.«.. 896 4:29 118 
Tried 8th September, 1871, .. oe 898 4°75 107} 
Increase per oent., as 3 103 ee 
Decrease do., ee <a a 9 
WOULDHAM COMPANY. 
Despatched 21st April, 1870, .. es 448 4:98 115 
Tried 7th September, 1871, _.. oe 459 5'50 106% 
Increase per cent, es 23 10 ee 
Decrease do., ~ ; : 7} 
Despatched 4th August, 1870, .. as 446} 5:29 108 
Tried 7th September, 1871, _.. oé 459 5°50 1064 
Increase per cent., ee 22 4 ee 
Decrease do., ee ee eo ly 
Warr Broruens, 
Despatched 21st February, 1870, ..| 3693 | 4:54 104 
Tried 7th September, 1871, ee oe 886 5°00 984 
Increase per cent. oe 4 10 ee 
Decrease do., re ‘ : ; i 5 
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: No. LXXXIX. 


THE BRE#KS’ MEMORIAL SCHOOL AT OOTACAMUND, 
NILAGIRRIES, MADRAS PRESIDENCY. 


{ Vide Plates XLVII. to XLIX.} 


Designed by Cart. J. L. L. Morant, R.E., A.L.C.E. and F.R.G.S. 


J. W. Breexs, Esquire, of the Madras Civil Service, who was Private 
Secretary to thelate Sir William Denison, R.E., (Governor of Madras,) 
and one of whose daughters he married, was appointed Commissioner of the 
Nilagirri Hills in August 1868. He suddenly died in June 1872, after 
an able administration of nearly four years. His loftiness of character, 
benevolence of disposition, and’ consideration for others, endeared him 
to all classes. It was, therefore, resolved to raise by subscription a suit- 
able memorial to his name. This took the form of a School, the design 
for which is herewith submitted to the readers of ‘ Indian Engineering.” 

The building is in progress and one-half finished. Its chief stone was 
laid with considerable ceremony, by the Hon’ble J. D. Sim, C.8.1., on 
the 16th of May, 1873. The structure will be completed in 1878. Its 
details are of late English Gothic. It consists of a school-room, 50 feet by 
16 feet (with an oriel window 4 feet deep); of two class-rooms 10 feet by 10 
feet, of a closed porch for hats and coats 6 feet by 6 feet, of a belfry with a 
circular staircase, and of an underground chamber for firewood, &c. The 
walls are of pressed machine bricks and mortar. Granite is used for the 
sills of the windows, for the labels and socles of the square headed doors 
and windows, and for the corbel tables, of the tower, of the turret, and of 
the oriel window. The exterior is to be neatly tuck-pointed, and the in- 
terior to be plastered with polished shell lime, 

VOL. I1.=SECOND SERIES. 2x 


828 THE BREEKS’ MEMORIAL SCHOOL AT OOTACANUND, BTC. 


All the angles of the building and the jambs of the windows are splay- 
ed. The floors are to be of teak wood, and are ventilated under the main 
and dwarf walls with perforated bricks. A layer of coal tar and asphalte, 
(one of former to six of latter,) mixed with a little clean sharp sand has 
been placed over the top brick course of the basement to prevent damp 
rising wp the walls, The roof of the main building is of eorragated iron 
laid over teak wood frames, the whole being well bolted together and into 
the brickwork. Ventilation in the ridge and through louvred dormers is 
provided. The whole is eapped by ornamental wrought-imia.xfdge crest- 
ing, and with wrought-iron terminals procured from Englatid> ‘The roofs 
of the bell tower, and of the staircase turrets are valley-backed, and of 
stamped ornamental zinc work, procured from Holden and Co. of London. 
The whole of the roofs are to be coated internally with Leroy’s composition, 
and then to be body colored and picked out with stencilling. The cireu- 
Jar staircase is of iron, The doors and windows are of teak, The low- 
est sashes of all the windows are to be glazed with corrugated glass, to 
prevent the attention of the scholars being disturbed. All the exterior 
woodwork will be coated with Carson’s paint, and all the interior will.be 
psyed over with linseed oi.- Fhe chimney staeks are to be of terra cotta. 
The side walls are to be externally ornamented with 10 terra cotta medal- 
lions (14 feet outside diameter), with the Breeks’ coat of arms and mono- 
gram (J. W. B.) in bold rehef, alternately. On the exterior of each of 
the two chimney breasts, are to be inserted a large terra cotta medallion, 
(24 feet outside diameter,) with Mr. Breeks’ profile raised in bold relief. 
All the terra cotta has beeg procured from Doulton & Co. of Lambeth. 

A memorial plate is to be inserted over the door leading into naa sehool- 
xoem within the porch. 

The building will cost Rs. 9,487. nawap SALAR JUNG BAHADUR 

A bill of quantities is appended. 


AsstRact Estimate FoR constRvctTixa Barsxs’ Mewonrat Scuoot, 
OoTacamUND. 


School-roem. 
‘ c. yds, 
Excavating foundation, ee ee oe . 08 ee ee oe 60 


; c. ft. 
Brick in mortar, oe ee oe oe ee ea ‘ @e ee 8,692 


PLATE XLVILL. 


MEMORIAL SCHOOL. 


DETAILS OF DOORS AND WINDOW. 





Elevation of Porch Doer. 





Blevation of Interror doors. 


Pierced bui not Glazed — 


‘ 





cain, tina em ee 
~% . 
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Section 


Revation of Window 








Secacn 


Rleyation of Entrance door. 


‘ Tete Paneiied and Haly Giazed. 


Section 
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Plastering, interior, .. 
Pofhting, exterior, .. 
Teak flooring,.. a 


Cut granite-for floor of seid and steps, 


Doors and. windows, complete, 


Roofing with teak trusses, purlins, rafters, conegated nga es, 


Ridge ventilation, .. 


Cornice work, ie 


Ornamental iron ridging, 
9 barge boards, 


_ iron finial, 
Granite labels, Pe 
» _—- 8ocles, ws 

» ~— Sills, oe Se 


Excavating foundation, 
Brick in mortar, ee 


Plastering, interior, . 
Pointing, exterior, .. 


Teakwood flooring, lower story, 
* sy upper story, 


99 
Granite for steps, .. 


Cornice work, ee 


ee 


9@ ee 
en ve 
eo e0e 
ee ee 

Tower. 
ee e206 
ee ee 
ee ee 
ee ee 
e@ ee 


ee 


ee 


ee 


ee 


ee 


complete, 


ee 


ee 


e¢ 


ee 


ee 


ee 


Roofing with teakwood trusses, rafters, purlins, beam ties, &c., and 
stamped ornamental zinc work, complete, 


Doors and windows, 
Venetian ventilators, 
Dormer windows, .. 


Ornamental iron finial, 


»  Yidging, 


Granite labels, oe 
9 socles, ee 
99 sills, ee ee 


Excavating foundation, 


Brick in mortar, = 


Turret. 


es 


ee 
’ 


c. yds, 


c. f. 
2,142 
s. f. 
694 


94} 
136 

12 
rv. £. 

88 
8. ft. 


€93 
99 


9 
PF 
77 


Br as 
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Plastering, interior, oe ty) Ge ee ‘ee ee oo 
Pointing, exterior, oe oe oe ee ee oe ee oo 
Teak flooring, oe ee ee ée ee ee ee ee 
Brick flooring, 1 foot square, oe 00 oo ee oo oo 
Windows, ee oe oe oe oe ee 
Roofing with teak trusses, rafters, parling, ties, &e P te., and stamped orna- 
mental zinc work, complete, ee ee oe ee ee oe 


Cornice work, ee ee ee ee ee ae ee : ee 
Ornamental iron finial, ee ee o8 eo ee 06 


Circular iron staircase, 9 fect high, Ce 


OoTACAMUND, 
26th May, 1878. 
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THE TANSA PROJECT* FOR “THE WATER-SUPPLY 
OF BOMBAY.” 


[ Vide Plates L. to LIV.] 


By Mason Hecror Tutzocn, R.E. 


Tue position and extent of the Tansa Valley will be best gathered from 
the map, (vide Index Map in No. LX XVIIL., Professional Papers, Second 
Series).t Its basin is considerably larger than that of any other valley 
in which a reservoir could be formed. The Vehar Valley contains little 
more than six square miles—the Kamun not more than twenty; even 
Shewle contains but twenty-five; while the Tansa watershed has an area 
of forty-five square miles. Its position for a gigarftic scheme is most ad- 
vantageous. In addition to the water falling on its own gathering ground, 
e supply could be obtained from the two great rivers, the Vathurna and 
the Bhatsa, between which the Tansa Valley lies. These two rivers, 
moreover, are flowing for several months after the monsoon ceases, so 
that, practically, there is no limit to the quantity of water to be ob- 
tained. 

Besides:gts extensive area, the Tansa Valley, situated as it is, close to 
the Western Ghats, has a rainfall considerably greater than that of the 
Vehar, on which our calculations have hitherto been based. In 1871 
(when the monsoon failed), while 89 inches only fell at Vehar, 70 inches 


* I have placed this before the Kamun Project, in order not to separate it from the other high 
level schemes. 
t It would have boon absurd to make a spccial survey of so large a tract of land. 
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fell at Atgaum, the railway station, 4 miles from the lake, and 75 inches 
fell at Khurdee, the railway station at the head of the valley. If we 
remember, moreover, that on the Ghats, only a dozen miles to the west of 
Khurdee, the fall is 800 inches per annum (t.e., two hundred per cent. in 
excess of the rainfall at Vehar) and occasionally even more than this, we 
shall not be making any extraordinary assumption if we take the rainfall 
in the Tansa Valley to be 83 per cent. only in excess of that at Vehar, 
or say 186 inches.* The quantity of water flowing off the Vehar gather- 
ing ground has been assumed to be 54 inches out of the total rainfall of 
102 inches, At the same rate, the quantity of water flowing off the 
Tansa ground would be exactly six feet. If, then, the average area of the 
waterspread be taken as 6 square miles, the total quantity of water 
obtainable from the Tansa Valley will be as follows :— 


8,840 acres x 4,840 x 9 x 114 X 6} os «= =—«:11, 848,820,000 
Yacres X 4,840 % 9 x 6 x 6} oe == 40,772,160,000 
52,620,480,000 

Deduct for evaporation— 
8,840 acres x 4,840 x 9 % 2E X& Gh oe ee =  2,618,600,000 
50,006,880,000 


Deduct jrd for unaccountable waste, oe oe ee 16,668,960,000 


38,887 ,920,000 
which is equal to more than 90 million gallons daily—more than 140 
gallons per head per diem for the present population, and more than 20 
gallons per head per diem for two years for 2,000,000 people. 

Enormous as this quantity of water .is, the dam to impound it need 
not be exceedingly high. A reference to the Table on Plate L. will 
show that the surface of the lake would be at 420:00 on datum. Now 
the bed of the stream, which stands at 298-00 on datum, is solid rock of 
the best description, and it will be unnecessary to go lower than, if so 
low as, 295:00 on datum to secure the firmest foundation. If then we 
suppose the dam to be five feet higher than the surface of the water, ite 
total height would be (425~295 or) 180 feet. But it woud be many 
years, perhaps generations, before such a large quantity of water would 

® In 1871, 39 inches fell at Vehar, and this quantity is only little more than one-third the assumed 
rainfall—viz., 102 inches. On the supposition that the average rainfall in the Tansa Valley bears 
the eame proportion te the actual rainfall in 1871 as-the average rainfall at Vehar beara to the ac- 


tual rainfall there in 187], the average rainfall in the Tansa Valley oaks to be 188 inches. I prefer, 
however, to base my calculations on moderate data. 
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be required, and although I have shown what the ultimate height of the . 
dam may be, the height when it is first built need not exceed 95 feet. 
Even such a dam would impound 9,000 million gallons yearly, or say 25 
million gallons daily, or 20 gallons per head per diem for the present 
population for two years. It would be no use to think of storing a three- 
years’ supply, as 9,000 million gallons are only a small fraction of the 
average rainfall, so that this quantity of water would probably be received 
even in years when what are termed failures of the monsoon occurs, but 
when, in fact, the monsoon does not really fail altogether, but merely 
gives a supply of perhaps a third or a half of its nsual one. 

The Tansa Dam, as will be seen by Plate LI., will be a long but not 
an expensive one. The portion of it which must be high (and this 
is the important point) would be very short, as the hills rise suddenly 
to an elevation on one side of seventy, and on tho other of ninety feet.* 
With the exception of the Toolsee Dam, the Tansa has the most favora- 
ble section of all the main dams yet proposed. 1 would have the dam 
of one uniform section throughout, and that section to be the one de- 
signed by Mr. Rankine. The long low part would give us a surplus 
ofstability, + and in the highost part we should have abundance of 
strength. : 

I would pass the surplus water over the low part of the southern end 
of the dam, which would, in fact, become the waste weir. Tho water 
would easily find its way back into the river lower down in the valley by 
another course. It would also be passed over the northern end of the 
dam if considered desirable. The waste weir for the Tansa Reservoir 
will, therefore, cost nothing. 

Plate LII. illustrates tho method proposed for drawing the water 
from the Tansa Lake. The designs are for a tower of about the great- 
est height to which one could practically be built, and for the largest 
quantity of water which could ever be required for a town. The principle 
may be applied to the Kennery, or Ewoor, or any other scheme involving 
a deep lake. Tho reader is aware that I do not propose to raise the 
Tansa Dam at first to about 890°00 feet on datum (the dam being 95 


® Those who have never had occasion to take ont the quantities of masonry in dams of different 
sections, would be surprised to find how much depends on the length of the high portion. A dam a 
mile long and 30 feet high will not cost more than a dam one-tenth of its length if the latter is 100 
feet high. 

+ Vide paragraph 32 of Appendix B., No. LXVIII., Professional Papers, Second Beries. If, in- 
deed, the whole of this Article is studicd, the force of my recommendation will be better appreciated. 


NA WAB SALAR JUNG BAHADUR 
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feet high), nor eventually to above 425:00 on datum (the dam being 1 180 
feet high). The problem to solve is of a very special nature, and this 
will account for the novel features of the design. We have to draw s 
large quantity of water under a great head, and to deprive the water of 
its head at once, so that it shall flow off into a channel without pressure. 
To draw water under a great head by a pipe is easy enough, but the 
‘difficulty consists in starting it in a masonry conduit without any head at 
all.* In order to effect this, I propose to make use of the power which a 
smaller volume of water possesses to diffuse its pressure when discharged 
into a much larger volume. I propose to draw the water by large pipes, 
terminating with their mouths turned upwards in the bottom ofa deep 
enclosed basin. The stream will issue with considerable force into this 
reservoir, but, meeting the resistance of a great body of water above it, 
the pressure will be diffused, and, as by regulating the sluices, no more 
water will be permitted to enter the basin than it is desirable that the 
channel should convey away, the level of the water in the basin will be 
always kept at one level. If it is considered advisable afterwards, arrange- 
ments may be made for straining the water between the basin and the 
other channel. 

Instead of towers for drawing off water, standing in the middle of a 
lake, which it is so difficult to keep water-tight, and from which it is im- 
possible, after the works have once been completed, to increase the 
supply,f I am satisfied the proposed method will be found more satisfac- 
tory. It is, in fact, the method submitted by me to the Bench in 1870, 
for drawing off water from the Toolsee Lake, but the design is modified 
to suit it to any amount of pressure, and to the water flowing off in a 
channel instead of in a pipe. 

A spot on the margin of the lake, where the rock is of a sound descrip- 


* J am not aware of any instance where a large quantity of water is drawn under these peculiar 
conditions, nor do I know of any work on hydraulics which treate of this question. 

In the Glasgow Water Works, when the water in Loch Katrine stands at even ite raised level, 
the average pressure with which it issues into the channel is but 10 feet, and at low water the pres- 
sure is as little as 4 feet. But we have to deal with a pressure of from 25 to 80 or even 100 feet, 
dependent upon which project the Bench decide upon and up to what level it is determined to im- 
pound water in the particular reservoir which is approved. 

' ¢ This is not shown in Plate LII., but any one can see how easily it could be accomplished by put. 
ting gauze strainers over the mouths of the channels. 

¢ This is our great difficulty at Vehar. We cannot lay down a second pipe from the tower, and 
we are entirely dependent on the security of a single main running under the dam. If anything 
_ happens to this, a state of things frightful to contemplate would follow. Vide note to page 201 

_of No. LXXVII., Profoseional Papers, Second Series. 
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tion, should be selected, and the tower should be built into the rock,* 
and be of a semi-circular form, so that the pressure may be thrown on 
the hill. The thicker the masonry of the tower the better, so that it may 
resist the creeping effect of the water. From the bottom of this*tower a 
tunnel should be driven of such dimensions as will admit of the number of 
pipes that may ultimately be required, being laid in it, Over the mouths 
of the pipes which draw the water from the lake into the tower, fine gauze 
strainers, similar to those in use at Vehar, may be used. 

The advantages of the system are obvious. The supply could be in- 
creased at any future time by laying down another pipe—or any number 
of pipes—between the tower and the basin from which the channel starts. 
If a pipe in the tunnel were to burst, or repairs of any kind had to be 
carried out, all that would be necessary would be to close the mouths of 
the inlets in the lake, and to let the tower empty itself. Workmen could 
then descend to the bottom, or into the tunnel, and do what might be 
required. 

In Plate LII. the towers are in duplicate. This, although not neces- 
sary, would be the most convenient arrangement. Of course, the sizes 
and the number of pipes must be modified to suit the particular case. 
That which I have dealt with, is perhaps the most difficult that would 
ever occur in water-works for the supply of a town. The pressure 
of the water is as much as 120 feet, which is not likely to be met in prac- 
tice, and the pipes are 4 feet in diameter, and capable of delivering an 
enormous supply. 

From the Tansa Lake I would bring the water to the proposed Koorla 
Reservoir, partly by channel and partly by iron pipes.f— I say “partly,” 
because the case is different to that of the Kennery, Toolsee, or Ewoor 
Schemes. In these the features of the country admitted of a channel or 
tunnel being carried to Koorla with hardly any break on the line, but in 
the case of the Tansa it must be remembered that the lake is mure than 
50 miles from“Bombay, and there is no continuous range of hills extend- 
ing from the reservoir to Salsette. There are several ranges most con- 
veniently situated for our purpose, but there are gaps between them, and, 
to get the water from a channel on the top of one range,into a channel on 


* This is not shown as clearly as could be wished in the Plate, but it is very necessary. Therock 
in the Tansa valley is thoroughly sound. 


t Vide Index Map in No. LXXVIIL, Professional Papers, Second Series, and Pilates LUI. 
and LIV. 
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the top of the next, we should be compelled to cross the valley between. 
This could only be done by carrying the water under pressure in pipes 
laid across the valley, or by rock syphons which I will suppose may prove 
unsuccessful. An accurate survey of the entire line from the Tansa to 
the Koorla Reservoir has been made, and a section of it is given in 
Plates LIII. and LIV., from which it may be gathered that, altogether, 
about 294 miles of channel and 15 miles of pipes would be required. I 
think one foot a mile a good slope for the former, and five feet a mile 
about the best relative one for the latter.* On these data, the total fall 
of the entire line will be (293 feet + 15 x 5 feet =) 104} feet, so that 
at whatever level the water may start flowing from the Tansa Lake, it 
will reach the Koorla Reservoir 1044 feet below that level. 

The water might be drawn from the Tansa Lake at as low as 850°00 
feet on datum, but I should prefer to draw it at 860°00. Supposing then 
that this latter level be decided upon, the water would reach the Koorla 
Reservoir at (360 — 1043 =) 255°50 on datum—the same level as that 
fixed for the water from either Kennery or Ewoor. But it is the bottom 
of the channel which would be at this level, and the surface water, suppos- 
ing the channel were four feet deep, would be at (2554 + 4 =) 259°50 
feet on datum, the highest level at which it is proposed that the water 
shall stand in the Koorla Reservoir for the Kennery and Ewoor Projects. 

I will now show how the channel would run with reference to the Vehar 
Lake. The lake is 43 miles nearer than the Koorla Reservoir to the 
Tansa basin, and the portion of the line between it and Koorla would con- 
sist of 8} miles of conduit, with a rise from Koorla of 3} feet, and of 
three-quarters of a mile of syphon, with a rise of 32 feet. The total rise 
m the conduit and syphon together would be 7 feet, and, therefore, the 
channel would be 7 feet higher when it reached Vehar than it would be 
at Koorla. At Koorla, we see it would be at 255°50 on datum; there- 
fore, at the Vehar Lake, it would be at (259°50 + 7 ==) 262-50, which 
the reader will remember to be the exact level of the surface of the lake 
when it is full, Thus the arrangements would be such that the channel 
would have a perfect command of our present reservoir, and at any time 
water from the Tansa could be discharged into it to keep it full. This is 
a very important consideration to bear in mind in carrying out new works. 


* The reader will remember that this is the general slope I have adopted in the Kennery and 
Zwoor Projects. The slope Mr. Bateman has given to the Glasgow channel is 10 inches per mile, 
and to his syphons & feet per mile, 
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If the water were drawn from Tansa at 350°00 on datum, it would be 
best to reduce the slope of the channel from a foot to 10 inches a mile, 
and the fail of the syphons from 5 to 4% feet per mile, so as still to ensure 
its reaching Vehar with a command of the lake. Or, if the water were 
drawn at 860°00 on datum, and it were considered advisable to have the 
service reservoir even 10 feet higher than proposed by me, these slopes 
given to the coaduit and syphons would bring the supply to Koorld at 
‘369-50, and the water would, on its course, pass the Vehar Lake at 10 
feet above the surface of the latter. 

The entire line from the Tansa to Koorla has been accurately surveyed, 
and Plates LIII. and LIV. are sections of the line reduced from the 
large plans in the Municipal Office. There is no doubt, therefore, of the 
correctness of the facts stated.* I particularly request that these Plates 
may be looked at closely.t The line has been arranged to avoid as much 
as possible long tunnels and deep shafts. As a rule, the tunnels will be 
from 200 to 800 yards long, or less if considered desirable, and the shafts 
would be about 20 or 30 feet deep, or less, also, if deemed more advan- 
tageous. I thought this about the least depth .te ensure good sound rock. 
Excepting through five hills, it is quite clear the line is most favorable. 

“These hills occur—the first at the 3rd milestone ; the second and third be- 

tween the 8th and 10th milestones; the fourth at the 12th milestone; 
and the fifth at the 23rd milestone. The first hill—viz., that at the 8rd 
milestone, is really the worst obstacle, but even here two shafts 150 feet 
' deep would reduce the headings on each side to about 300 yards.t 


* No plan of the line is given in this report. It has been omitted simply on grounds of economy, 
The number of Plates has already far exceeded what I ever contemplated. An accurate survey on 
@ large scale may be consulted in the Municipal Office by those who desire detailed information. 
For the general reader, the Index Map, in No. LXXVIII., Professional Papers, Second Series, gives 
all the necessary facta. 

Those who have never conducted a survey for a long line of this kind—1. ¢., for a high level water 
channel, and in a hilly country covered with the densest jungle, where often an advance of fifty 
feet cannot be made without felling large trees, and clearing a path through closely matted brush- 
wood, can hardly realize what an amount of labor and exposure is involved te secure the best course, 
Two and three lines have to be surveyed and ievelled before the best cam be decided on, and this 
again has to be modified, re-surveyed, and re-levelled in consequence of facts brought to light sub- 
sequently. It is these things which render survey work for water supply se very expensive in 
Bombay. 

t I had intended to give tho position of every shaft, in order to show how favorable for tannel- 
ling the line would be, but these Plates were done in Bombay whileI was in England, and they 
' gould not, of course, be subjected to my final corrections. The reader must be indulgent for omis- 
sions of this nature, 

' $ The first hill through which Mr. Bateman £0 boldly tunnelled to take the Loch Katrine water 
__ te Glasgow had, besides several others, five shafts on an average depth of 18 genie . 
/SALAR JUNG © 
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The hills between the 8th and 10th milestones might be tunnelled 
through with a shaft at each end, and one in the middle. None of the 
shafts need be more than a few feet deep. The long tunnels in these 
cases would probably be preferable to sinking deep shafts. The hill at 
the 12th milestone looks the most formidable of all, but it is the least so. 
In fact, it is as favorable as any part of the line, because horizontal shafts* 
can*be obtained of any required depth, and at convenient distances apart. 
A shaft 100 feet deep in the middle of the hill at the 28rd milestone will 
remove all difficulty here. 

Overflows would be constructed at numerous points along the line to 
discharge the water if at any time there were an obstruction in the con- 
duits or syphons; and numerous ventilating man-holes could be left, if 
considered desirable, at all points where shafts had been sunk. 

Only three aqueducts would be required in the whole length (293 miles) 
of channel, and this circumstance is, in my opinion, extraordinarily favor- 
able. These works, moreover, ‘would be of such an insignificant kind 
that I need not speak of them further. 

The most formidable obstacle on the entire line would be the Tannah 
Creek, but this is incidental to every project with a reservoir out of Sal- 
sette, and, in fact, to every project for a large supply of water, which 
cannot, as the reader now knows, be obtained in Salsette. The cheapest 
way to overcome this obstacle, would be to tunnel under the creek at a 
depth of from 50 to 100 feet below the bed. I have calculated the cost 
of several kinds of iron aqueducts over the water, but find they would all 
entail more expense than a simple tunnel with a cast-iron pipe laid in it.t 

I will now point out what I delayed doing in a previous part of this 
report, when I mentioned that I should prove the disadvantageous posi- 
-tion of the Shewla Reservoir. IfI have made myself clear in my article on 
‘Masonry Conduits’ (vide No. LXXVI., Professional Papers, Second 
Series,) it must be evident now to the reader that, caterts paribus, that 
must be the best reservoir which will admit of the water being brought to 

® These cannot be shown in a section, but those who care to be satisfied on this point can refer 
to the plan of the line in the Municipal Office, 

If the Government were desirous to improve the high road to the Decoan by a bridge over the 
oreck, and would meet the Bench half way by sanctioning a portion of the total outlay required for 
a bridge and aqueduct combined, no doubt this wouldbe the cheapest and best mode of carrying 
the water across; but if the entire expense of such a work is to fall on the Bench, a tunnel will be 


cheaper. the Government might consent to make over the tolls to she Bench, and to do 
away with the ferry. It might be worth while then to construct « bridge and aqneduct, 
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Bombay by a high level channel instead of in a pipe. In fact, the only 
hope of carrying out a large scheme will depend upon our being able to 
dispense as much as possible with pipes.* 

In the Index Map in No. LX XV14IE., Professional Papers, Second Se- 
ries, are shown the best lines along which the water should be brought from 
both the Tansa and Shewla Basins. Now the total length, by a careful 
survey, of the line from Tansa to Koorla is, as already mentioned, 44} 
miles, of which 294 miles would be channels, and 15 miles would be pipes. 
The total length of the line from Shewla to Koorla is 47 miles, of which 
21 only would be channels and 26 pipes. The line from Shewla, there- 
fore, would be not only 2} miles longer than that from Tansa, but there 
would be 11 miles more of pipes required for it than for the latter. 

Nor is this all. From the same sized pipe in the two cases, we should 
obtain more water from Tansa than from Shewla; or, in other words, a 
larger pipe, to convey the same quantity of water, would be required from 
the latter than from the former. The reason is obvious. We could not 
get so great a fall for the pipe. I have shown that the total fall of the 
line from Tansa to Koorla is 104} feet, that the 294 miles of channel on 
the Tansa line would have a slope of one foot per mile, and that the 15 
miles of pipe would have a fall of 5 feet per mile. The Shewla Lake 
being about 20 feet higher than the Tansa, the available fall, supposing 
the water were drawn from as high as 380-00 on datum, would be 1244 
feet. If we gave the channel, of which there would be 21 miles, a fall of 
one foot per mile, we should have 1034 feet left for the 26 miles of pipe. 
Thus the fall per mile for the latter would be four feet instead of five, as 
in the case of the Tansa line. The fall being less, the discharge would 
be less, or, to obtain the same discharge, the size of the pipe and the 
thickness would have to be increased—:. ¢., the cost enhanced. 

If, in order to get the same slope for the pipe from Shewla as that from 
Tansa, it were decided to draw the water from a higher level, it would 
_ have to be drawn from 26} feet higher, or from 306'50 on datum. But 
to do this would be to leaye only 114 feet depth of water in the lake, for 
I have already mentioned that the dam cannot be made higher than to 

® I beg the reader at this point to refer to the note on page 162 of No. LXXVI., Professional 
Papers, Second Series, (and especially that portion of it regarding the Shewla Sheme), where he 
will see the enormous cost in every project of the works for bringing water to Bombay as compared 


with the cost of storing it. The estimates in this report illustrate the same point, and althongh 
the cost of those works has been greatly reduced. © 
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impound water up to about 418:00.* The hills on the sides of the dam 
are. not much above this level. 

In addition to this, it will be seen from the map, that the line from 
Shewla has to cross two large rivers, the Kalloo and the Bhatsa, just 
below their junction, and, to effect this, special and costly arrangements 
would be required. 

A reference to the map, moreover, will show that the pipes on the 
Tansa line would be situated not far from a metalled road which, being 
indeed the high road to the Deccan, is open at all seasons of the year. 
Thus the facilities of carriage would be great, and the cost comparatively 
small, Again, the site of the Tansa Dam itself is but five miles from a 
station (Atgaum) on the Great Indian Peninsular Railway, and the road 
from the station to the dam, running as it does on high ground, could be 
always open,t so that a perfect communication could be maintained even 
in the monsoon, and materials could easily be carried wherever they might 
be required. , 

On the other hand, the Shewla Reservoir is 15 miles from the nearest 
station, and there is no metalled road in its direction, The track, such 
as it is, runs, every now and then, over swamps which, as the Engineer 
Officers of the Municipality have found to their cost, are impassable during 
rainy weather. It is really the case that for four months in the year no cart 
traffic takes place between the large town of Moorbar and the railways.{ 

I have referred in a previous part of this report to the valuable nature 
of the ground which would be swamped by the Shewla Lake. Now this 
point becomes, when carefully inquired into, one of gregt importance. It 
must be remembered that as many as 4,000 acres would have to be taken 
up if a reservoir were formed either at Shewla or in the Tansa Valley. 
For the Kennery, Toolsee, Ewoor, and“Tansa Schemes, the land required 
would consist merely of jungle; but for the Shewla Lake the entire water- 
apread is almost all under cultivation for rice§ and, unless the owners were 

* This is the height of the water level proposed by Mr. Aitken. 

+ Hven a tram could be laid, if considered desirable, without any risk of ite huving to be closed in 
rainy weather. 

¢ Buch hard Isbor is it considered for bullooks to work in this district in wet weather that, in 
order to prevent their cattle being seized for the purpose, many of the villagers, immediately the 
monsoon sets in, take off the wheels from their carts and bury them. The Municipal Officers were 
always made welcome to the carts, but invariably found them without wheels. 

$ I am told thst the rice produced in the Shewls Basin and all ebout Moorber is of a enperior 


quality, and fetches a higher price in the market than most other kinds, and that the ldnd-owners 
in Moorbar and the surrounding villages are very tenacious of their fields, 
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liberally dealt with, they would not part with their properties. What- 
‘ever may be the value of jungle, it must be clear to the most ordinary 
understanding that land, which has been brought into a high state of 
cultivation by the labor of years, must be four or five times as valuable; 
so that if Rs. 50 an acre be sufficient to pay for jungle, Rs. 200 an acre 
will not be too high a priee to pay for an acre of the best paddy. At 
these rates the cost of the land for Shewla Lake would be six lakhs of 
rupees in excess of that which we should have to pay for the land in the 
Tansa Valley. Moreover, nearly all the latter belongs to the Govern- 
ment, who, I have no doubt, would, with the prospect of the beneficial 
effects to be produced in the surrounding country by a large water scheme, 
grant it for a‘ merely nominal sum, especially as it yields them nothing at 
the present moment; whereas the land at Shewla belongs to well-to-do 
people, who are fully alive to the value of their properties, and who would 
most certainly demand the utmost compensation for their loss, or proceed 
to Jaw to obtain it. 

Thus then the advantages of the Tansa over the Shewla Project for a 
gigantic project, may be summed up thus :—The gathering ground of the 
Tansa, and, therefore, the supply to be obtained from it, is nearly double 
that to be obtained from Shewla. The capacity of the reservoir is great- 
er.- The line by which the water would be conveyed to Bombay is 2} miles 
shorter. Only 15 miles of pipe would be required to reach the Koorla 
Reservoir in place of 26 miles in the case of Shewla. The slope which 
could be given to the Tansa pipe is greater than that which could be given 
to the Shewla pipe, without sacrificing other advantages ; or, if the same 
slope were to be given to the Shewla pipe, the capacity of the reservoir 
would have to be so reduced as to make it but a small one. The commu- 
nications between Tansa and Bombay are nearly completed already by 
railway, and the pipes could be carried close to their destinatidn along a 
first-class metalled road; whereas the communications between Shewla and 
Bombay are most incomplete at the best, and closed during the monsoon, 
and the pipes would have to be carried to their positions along country 
tracks, and over low swampy ground, And, lastly, the land required for 
the Shewla Lake would cost many lakhs of rupees in excess of what would 
have to be paid for the land in the Tanga Valley. 

"Whey all these points are considered, it will be found on calculation 
that the difference in the first oost of the two lines would be from 15 to 20 
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lakhs of rupees, dependent on the quantity of water it might be decided 
to convey to Bombay, and the difference in the after-cost, as the works 
required extension and more water had to be jbrought to Bombay, would 
be enormously more. 

I trast it will now be seen that the facts brought to light by the sur-— 
veys and investigations undertaken by me have justified the rejection of 
the Shewla reservoir for a large scheme of water-supply. I will now pass 
on and complete my explanation of the Tansa project. 

I need not describe the service reservoir at Koorla, which would be the 
same as for the Kennery or Ewoor Projects,* and the details of which are 
givenin Plate XXXIX. The pipes from Koorla to Bombay would run 
along the course shown in Plate XL. tor the Kennery line, The size of 
the pipe would of .course depend upon the quantity of water it was de- 
termined to deliverin Bombay. In order the better to effect a comparison 
between the several Kamun projects and the Tansa Project, I have esti- 
mated for pipes to convey various quantities of water to Bombay. 

I have already mentioned that the land which would be covered by the 
Tansa Lake is nearly all jungle, and similar in character to that which 
would have to be taken up for any of the Salsette projects. The entire 
watershed, moreover, consists of rocks of primitive formation, and the 
water, therefore, would be of the same quality as that supplied at present 
to Bombay. The villages, which would be swamped by the water, consist 
in every case of merely a few straggling huts occupied by men of the 
poorest class, and it would cost little to compensate these men for their 
dwellings, which consist merely or mud walls thatched over with the grass 
growing close to them. 

The following are estimates of the scheme for 18, 20, and 26 gallons 
per head per diem for the present population :— 


Estimate No. 1. 


Cost or Tansa Scuemn. 


Dam to impound at first 9, 000 million — and supply to be 8} 
million gallons daily :—~— 


bg ir Saad ill ates ache va dass hes eas sie ad aaa a ci on the same 
system. The channel for each reaches the service reservoir at the same level; the surface reservelr 
suits each scheme equally well, and the pipe to Bombay would run along the same line for cach, 
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Dam 95 feet high, but constructed so as to admit of its 
being raised from time to time, so as ultimately to be 130 
feet high, containing 4,496,000. cubic feet of rubble ma- " 
sonry, at Re. 25 per 100 cubic feet, es oe ~+ 11,24,000 | 

293 miles of channel, with a waterway 5 feet wide by 4 ii 
at Re. 80,000 a mile, .. es ae 23,60,000 

15 miles of syphon pipe, between Tansa and Koorla, 86 
inches in diameter, and 14 inch thick, delivering 8} million 
gallons daily, and weighing 1,020 tons per mile, or 15,300 
tons, at Rs, 160 a ton, oe es, es ie ~« 24,48,000 

93 miles of pipe from Koorla to Bombay, 28 inches in dia- 
meter, and 1 inch thick, delivering 8} million gallons 
daily, and weighing 720 tons per mile, or 6,840 tons, at 
Rs. 160 perton, .. ee a vs we es 10,94,400 

No waste weir required (vide page 883). 

Outlet works, .. ace “a aa és ee ee 1,560,000 

Tnnnel under Tannah Creek, about half a milelong, .. 8,00,000 

Koorla Reservoir, and works there, .. .. eo e+  8,00,000 


77,76,400 

Add 10 per cent. for contingencies, say, .. ee ee  17,77,600 
Land, 2,420 acres of jungle for reservoir,* 82 acres for syphons 

and pipes, at Rs, 50 each, .. oe ate ee «> 1,838,000 





Total, «+  .. 86,87,000 
Or, say,- 87 lakhs for 13 gallons per head per diem for the present 
population. 
Estimate No. 2. 


Dam to impound as before 9,000 million gallons. Supply to be 13 
million gallons daily :— 


: RBS. 
Dam as before, .. =. ‘ oe a ee =11,24,000 
293 miles of channels, as before, ee es ee 280,000 


15 miles of syphon pipe, between Tansa and Koorla, 42 inches 

in diameter, and 1} inch thick delivering 18 million 

gallons daily, and weighing 1,864 tons per mile, or 20,460 
tong, at Ra, 160 perton, .. ““s oe »» 82,78,600 

94 miles of pipe, from Koorla to Bombay, 88 iisliss in dia- 

4 “Meter, and 1} inch thick, delivering 18 million gallons 

y, and weighing 924 tons, per mile, or 8,778 tons, at 
pipe ee oe * oo we we *14,04,480 


f 





Carried forward, ace ove 81,62,080 


. © This will ba-cudidiens at Arwt. ree 
“WOR. 1L.—#900KD aunres. 22 : 
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RS. 
; Brought forward, ..  o. 81,62,080 
No waste weir is required, | 
Ontlet works, as before, ee ee oe ee oe 1 ,50,000 
Tunnel under Creek, as before, 8,00,000 
Koorla Reservoir, and works there, as before, ¢ «3  8,00,000 





89,12,080 
Add 10 per cent. for contingencies, say, ee es  8,91,920 
: 98,04,000 


Land as before, ee ee e . eo ee ee 1,838,000 


EE 


Total, ee oe 99 87,000 


Or, say, 994 lakhs for 20 gallon per head per diem for the present popu- 
lation. 
Estimate No. 8, 
Dam to impound at first 9,000 million gallons, and supply delivered to 
Bombay to be over 17 million gallons daily :— 


BS, 
Dam as before, ee ee ee ee ee ee oe 11,24,000 
Channel as before, .- “ oe ee es 28,60,000 


15 miles of syphon pipe 48 inches in deacueie 1§ inch thick, 

delivering over 17 million gallons daily, and weighing 

1,760 tons per mile, or 26,400: tons, at Rs. 160 aton, .. 42,2¢,000 
94 miles pipe from Koorla to Bombay, 39 inches in diameter, 

and 1} inch thick, delivering over 17 million gallons daily, 

and weighing 1,260 tons per mile, or 11,970 tons, at Ra. 

160 a ton, oe ee oo ee ee oe ee 19,15,200 
Ontlet works, as before, ee ee ee ee ee 1,560,000 
Tunnel under Creek, aa before, ee ve oe e>  8,00,000 
Koorla Reservoir and works jhere, as before, oo «= ee_~—s«8, 00,060 


108,78,200 

Add 10 per cent, for contingencies, aay, .- + c+ 10,87,800 
: 1H, 11,000 

Land as before, ee ee ee ee en”, of 1,838,000 


Total, eo , “oe 415,44,000 
pay 1154 lakhs for 26 gallons per head per diem for the presen’ 
uation. Cer 
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No. XCI. 


oe 


THE KAMUN PROJECT FOR “THE WATER SUPPLY OF 
BOMBAY.” 
[Vide Plates LV. to LVOL) 


By Major Hector Tuttocu, R.E. 


Tue general position and extent of the Kamun Valley will be seen on 
the Index Map in No. LXXVIIL., Professional Papers, Second Series. 
it is admirably situated for the storage of water. The lower part of the 
basin is exceedingly flat as may be gathered from the fact (vide Table on 
Plate LV.), that a dam impounding only 60 feet depth of water would 
form a lake of about four square miles, or nearly double the area of Ve- 
har, and one impounding 100 feet depth of water, would have an area of 
more than six square miles, or nearly three times that of Vehar. The 
best, in fact the only site for the main dam is at a spot, vide Plate LV., 
immediately below the junction of the two principal streams. These are 
fed by the rains which fall on the Toongar Hills, and to judge by their 
sige, they must. bring down a very large quantity of water. 

As ‘already mentioned, the tide ascends to the very site of the dam, 
where the bed of the stream is at 80-00 feet on datum. If a reservoir 
were formed in this valley, it would be necessary to stop up also two gaps 
in the ridge of hills on the south-west margin of the lake. The length 
and depth of the required dams may be gathered from Plate LVI. 
The aréa of the watershed above the sittrof the main dam may be taken 
at 20 Bquare miles, or 12,800 acres. I have fixed npon 140-00 on datum 
as the level below which the water should not be drawn. A large quan-. 
tity would be contained in the reservoir even below this level, but my obs 
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ject is to draw the water from as high a point as possible, in order to save 
the cost of pumping, which, it must be clear to every one, would be ne- 
cessary before the Kamun water could be supplied to the town. It is 
true that by drawing the water at a lower level there would be the par- 
tially compensating advantage of lower dams, but I have calculated, and 
find it would be cheaper to construct dams to enable us to draw at 140:00 
on datum, than to construct lower ones, which would enable us to draw 
at, say, 120:00 on datum, but would at the same time compel us to pump 
the water the extra 20 feet. It would be even cheaper to draw the water 
at a higher level than 140-00 on datum, but then the dams would become 
higher than I think they shou'd be for the kind of foundation we can 
find for them. 

On the same data* as we applied to the other valleys, and taking the 
average area of the lake at 5 square miles, the quantity of water obtain- 
able from the Kamun Valley would be :— 








8,200 acres x 4,840 x 9 x 81 x GE... «- == 7,405,200,000 
9,600 acres x 4,840 x 9 x 44 x 6}... ee ~—-==_11,761,200,000 
19,166,400,000 

Dedact for evaporation— 
8,200 acres x 4,840 % 9 x 23 x 6$.. +. <= 2,178,000,000 
16,985,400,000 
Deduct $rd for unaccountable waste, .. es »» = 5,662,800,000 
11,325,600,000 


—i,¢., more than 31 million gallons daily, or, say, 48 gallons per head 
per diem for the present population. 

It will thus be seen that so far as quantity is concerned, the supply 
to be obtained from this low level basin of Kamun is abundant, The 
facilities for storing the water are also favorable. By reference to the 
Table on Plate LV., it will be seen that to hold a one-year’s supply, the 
surface of the lake must be at about 155-00 on datum—to hold a two- 
years’ supply, say (22,000 million gallons), it must be at 166 on datum— 
and to hold a three-years’ supply (33 million-gallons), at 175°00 on datum. 

The bed of the stream at the site of the main dam is 80:00 on datum, 
and it would be necessary to go twenty feet below this for a solid founda- 
tion, in which case the bottomf the dam would be at 60:00 on datum. 
If-the dams were carried in each instance five feet above the level of the 


* I believe the rainfall in the Kamun Valley to be considerably greater than that at Vehar, In 
1871,51 inches of rain fell at Kamun, while 89 only fellat Vehar. But it will be better perhaps not 
to be guided by the results of a single year. 
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water, the height of the main dam to impound a one, two, and throe-Fess 
supply, would be as follows :— 


feet. 
To impound 11,000 million gallons, or a one-year’s sup- a os 
ply (160 —60),... 0 « Ses. | Sees 100 
To impound 22,000 million galloas <0 or a pide cal an 
ply (171 - 60),... eee wach eee eve eee 1]1 : 
To impound 83,000 million gallons, or a breve sup- " 
ply (180 —60),... sue nent ewes ove 120 


Of course it is manifest that, with so large a quantity as 48 gallons per 
head per diem for the present population, it would be absurd at first to 
store more than a year’s supply. Even this would be in excess of what 
we have in the Vehar Lake when full. In the estimates, therefore, of the 
Kamun Project, I shall assume that the dams are not to impound at first 
more than this quantity of water, but they must be constructed so that 
they may be raised at any subsequent period to impound a full three-years’ 
Supply. 

The cheapest mode of bringing the water to Bombay would, beyond aff 
doubt, be by a conduit, and it must be evident to the reader that, consider- 
ing the low level of the reservoir, it would be impossible to supply the 
town without pumping up the water by artificial means. Now, it is an 
important question in this scheme where the water should be pumped. It 
might be pumped at the Lake itself, or at some point between Kamun 
and Koorla, or at Koorla, where we could have a service reservoir for 
contingencies, or in Bombay. If it were pumped at any point between 
Kamun and Koorla, I think the best place would be near the Ewoor Lake, 
and I would raise the supply, not by steam, but by the water in the latter 
reservoir. Although this will be consideréd by many a most novel pro- 
position, still, when the estimates are submitted, the scheme will not be 
found to compare unfavorably with the others; and at the time of my in- 
vestigation, when I was not aware how very expensive the Ewoor dams 
would turn out to be, this seemed the most promising of all the projects. 
_ However, the reader shall judge of it for himself. * 

I heve already proposed to draw the water from the Kamun Reservoir 


* When I had to leave Bombay so suddenly, both the Ewoor and Kamun Projects were under in- 
vestigation, and, not having all the facts connected with them before me, I could not then decige 
finally which of the Kamun Projects would be thecheapest. Had I stayed, I would probably have 
completed a survey for a low level conduit from Kamun to Bombay ; but the estimate submitéed 
further on will show the Bench what the ccat of a re if the water is taken to Bombay qed 
pumped up there, will be. 
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at 140 on datum, and I would adopt the same.size of conduit in each of 
the Kamun projects, as I have in all the other schemes—viz., one with a 
waterway five feet wide and four deep. And I would give it the same 
slope as before,—viz., one foot per mile. 

There would be 94 miles of conduit at this slope, between Kamon and 
Ewoor,. and half a mile of pipes witha fall of 24 feet under the Tannah 
Creek.* The conduit, therefore, starting at 140, would reach Ewoor at 
128 on datum. Here the water would be pumped 100 feet, as I will 
presently explain at greater length, and then proceed in a conduit with 
the same slope as before, till it reached the Lower Koorla Reservoir, 
vide Plate LVIIL, a distance from Ewoor of 94 miles, at 218} on datum. 

The only obstacle of consequence on any line of conduit from Kamun 
to Bombay is the Tannah Creek, and I think this could best be overcome 
by atunnel. Vertical shafts should be sunkf on each side to a depth of 
not less than 50 feet below the bed of the stream, which at the site is 
golid rock, and tunnels should then be driven from each end to meet in 
the middle. The width of the stream is but little more than a quarter 
of a mile, and I know of nothing to render the work unsuccessful. A 
tunnel would be cheaper than an aqueduct over the stream, as the current 
in this part of the creek is very strong, and the erection of piers would 
be more than ordinarily expensive. 

Now, as to the works at Ewoor, I have already shown that the Ewoor 
Valley is very badly situated for the storage of water, but there is one 
point in connection with the scheme which, if the Kamun Project were 
contemplated, might render it adviséble to carry out the two together. 
This point is that, although the water to be obtained from Ewoor would be 
small in quantity, yet it would be at so great an elevation as to be a most 
useful mechanical power for raising the Kamun water to a higher level. 
The yearly supply —2,400 million gallons—would lie at an average height 
for use of, say, 470 on datum.§ Now the Kamun water could, as I have 

* Vide Oolas River, Plate LVIL,_ 

+ In Plate XLIV., they are shown inclined, but this is an accidental error, and the mae is not 
put at a sufficient depth below the bed of the river. 

+ If any aqueduct were adopted, this suspension principle seems at first sight the best to ew. in 
order to obviate the necessity of pliers, but there are great objections to this, as any one will find 
who goes into the subject. - 

§ Tam supposing that at least a two-years’ supply is stored in Hwoor; and, {f this ware dane, the 
water used every ordinary year—i. ¢., when there was no failure of the monsoon—would le (vdde 


pages 946 and 947 of No. LXXXI., Professional Papers, Second Series) between 481 and 464 on 
datum, or at an average level of 4724. 1 gpofer, howevor, to say 470 as in the text, 
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shown be brought to Ewoor at 128 on datum. Which should, therefore, 
have a power equal to 2,400 million gallons falling through (470 — 128), 
842 feet. Theoretically, this should raise three times the quantity more 
than 100 feet high, but there is always a considerable loss of power even 
in the best engines. Suppose turbines, which are the most approved form 
of water engine, were used, and a loss of power of 25 per cent. took 
place, and suppose that, instead of dropping the water down 342 feet, which 
would necessitate its being wasted, we dropped it 242 feet, and let 
the water, after doirly its useful work, flow off with the Kamun water 
in the same channel as the latter, we should then be able to raise, 
( 4x 2 “ a = =) 4,356 million gallons, which, with the Ewoor water 


(2,400 million gallons), would give us a total supply of, say, 6,756 mil- 
lion gallons yearly, which is about 18} million gallons daily,* or, say, 28} 
gallons per head per diem for the present population. 

If more water than this quantity were required, there would be no help 
for it but to pump it by steam. The Toolsee water would be too small in 
quantity to use in the same way, and more than one pumping station 
would be objectionable. 

Of course, if such a scheme as the above were ever contemplated, it 
would be better to impound a full three-years’ supply from the very be- 
ginning in the Ewoor Lake,f as there would then be very little risk of 
the supply falling short through the failure of the monsoon. Without 
water in the Ewoor Lake to pump up the Kamun water, there would be 
no supply to Bombay. 

The outlet works at theyKamun Reservoir would be on the principle 
of those proposed for the Tansa Project, vide Plate LIL, and the 
waste weir would be a work of easy construction. The water might 
be passed into the lower part of the valley, or at several points over 
the range on the south-west margin of the lake, or into the Payah Valley, 
vide Index Map in No. LXXVIIL., Professional Papers, Second Series, 
close to the spot from which the conduit would ie for Bombay. 

The details of the Lower Koorla Reservoir will be best understood by 


® The channel I propose—visz., one with a waterway five! feet wide and four deep, would, with the 
slope to be given to it—viz., twelve inches per mile—carry away only 173 million gallons, so that. 
there would be about a million gallons left. Instead of making the conduit a little larger, or giving 
tt a greater slope to carry away the full 184 million gallons, I would retain the one million for the 
usv of the towns of Tannah and Bhandoop. 

+ In this case, as the water would lie about 18 feet higher, we sheuld be able to pump up abou’ 
ene million gallons more,.so that the total supply would be about 193 milifen gallons daily. : 
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reference to Plate LVIII. It is intended simply for service purposes, 
from which the water would be sent to Bombay under pressure. It 
would be capable of holding nearly 130 million gallons, or, say, about a 
fortnight’s supply at 10 million gallons daily. The dam, although a long 
one, would not be more than about fifty feet high. The water would be 
drawn for use on the principle of the system shown in Plate LILI. . 

From Koorla a pipe would be laid to Bombay, ‘and its size would of 
coursé depend on the quantity of water required by the town. It would 
follow the same course as the other pipes from Koorla, a section of which 
is shown in Plate XL. 

Suppose, however, that instead of using the Ewoor water to raise the 
Kamun supply, we employed steam; I do not think there would be any 
advantage in fixing the pumps at Koorla. The choice lies between 
Kamun and Bombay. The great expense in pumping schemes is that of 
the coal consumed, which would have to be taken to Koorla by railway ; 
whereas it could be delivered at Kamun by boats, there being water com- 
munication all the way between this town and the Bombay harbour. Be- 
sides this, there is no compensating advantage in the position of Koorla, 
whereas there are advantages attached to both Kamun and Bombay. 

If the water were brought to Bombay to be pumped, I do not think, con- 
sidering the levels of the ground even along the best line which the conduit 
could take across the low lands* between Koorla and the island, and in the 
island, that it would be advantageous to carry it in at a higher level than 
about 90 on datum. It might be carried in at 100 on datum, but only at 
great expense, as I will show. The draw-off point in the Kamun Lake 
could not well be higher than 140 on datum™@and there being 19 miles of 
conduit with a slope of 1 foot per mile, and half a mile of pipe at a slope 
of 5 feet per mile, the water could not therefore reach Koorla above 
about 1183 on datum. From Koorla there would still remain 19 miles 
of distance to Bombay, and of -this length it appears to me that it would 
be best to have shout mies of pipes, and 54 of conduit. If we had 
a conduit all the way from Koorla to Bombay, along the 4 miles where I 
have proposed to lay pipes, we sould require a masonry aqueduct standing 
from 20 to 25 feet above the surface of the ground, and such a work 





® Vide Plate XL., where it will be seen that a ong the 2nd, 8rd, and 4th miles, the lands are 
not above &7 on datum, or just about the level of high water, and for part of the Sth and 6th miles 
alao the ground is very low. 


THE KAMUN PROJECT FOR ‘‘ THE WATER-SUPPLY OF BOMBAY.” $51 


would be more expensive than a pipe. If then, we say, a pipe, is prefer- 
able, the slope to be given to it should be as before—5 feet per mile, or 
20 feet for the four miles, and for the 54 miles of conduit we should 
require a slope of 54 feet. So that the total fall of the conduit and pipe 
from Koorla to Bombay would be 253 feet, and if we deduct this from 
the level, 1184 on datum, at which the water would arrive at Koorla, we 
find that it would reach Bombay at 93 on datum.* I prefer, however, 
to say 90, because the ground lies better for a conduit at this level than 
for one a little higher. 

Having now got our water into Bombay, the question is, how high it 
should be pumped. On this point I fear there will be some diversity of 
opinion. I have hitherto assumed that the average level at which Bom- 
bay stands for water-supply purposes—z. ¢., the average level at which the 
water is drawn for use—is at about 100 on datum.t I think the water 
should be pumped somewhat more than 100 feet, or say 125 feet. Some 
may think the former height sufficient, and I should not oppose the pro- 
position, but I suggest the latter as probably the one that will be prefer- 
red.{ 

The cost, then, of the Kamun Scheme, if the water were raised in Bom- 
bay, would be chiefly made up by the following items—the cost of the reser- 
voir and land at Kamun—of 244 miles of conduit—of 43 miles of pipe—of 
engines, pumps, and engine and boiler-houses in the town—of a service 
reservoir for use in cases of emergency —and of the fuel consumed in rais- 
ing the water. This last item must be capitalised. 


* No special survey has been made for this low level line of conduit and pipe from Kamun to 
Bombay, because it would have been mere waste of money to do so, while we had so much informa- 
tion already to enable us to decide un the merits of the scheme. In fact, no survey is required except 
for the portion between Ewoor and Koorla. The first portion of the line—i. e., from Kamun to 
Ewoor—has been surveyed, and is precisely the same as that given in Plate LVII., and the last por- 
tion—#é. ¢., from Koorla to Bombay—is given in Plate XL. It is only the intermediate portion 
for which a survey could be required. But any one will see that if we cun have a high level conduit 
between Ewoor and Koorla—and I have shown we can in my description of the Ewoor and Tanga 
projects, and by Plates XLITI. and LIV.—we can of course have a low level one. 

+ This must not be confounded with the mean between the greatest height and the lowest level at 
which the water is drawn in Bombay. Of course some water is drawn at even 180 ondatum, but this 
amounts to a very small quantity. Nine-tenths of the supply is drawn on the ground-fioors of the 
houses and into wells, and these draw-off points are at very low levels—85, 90, and 95 on datum. 

¢ When I first brought forward the idea of a low level reservoir with pumping in Bombay (which 
was in 1869, while the Commission on the Water-supply and Drainage was sitting), several Engineers 
in the Town seemed to think that 100 feet pressure in the mains, while we now had from Vehar a 
theoretical pressare of 160 feet, and an actual one of 140, as proved by experiment, would not be wise. 
I have, therefore, thought it best to suggest a pressure somewhat greater than this. 
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Now let us consider what would be the effect if the water were pumped 
up at Kamun. The great advantage would be that it would never have to 
be raised so high as in Bombay. In the latter case the water would, as 
the reader has been informed, leave the lake at 140, and arrive in the 
town at 90 on datum. But the water in the lake itself would be higher 
than at 140, for, with even a one-year’s supply, the surface of the Kamun 
Lake would stand at 155, with a two-years’ supply at 166, and with a 
three-years’ at 175. It would be most advantageous to store at once a 
three-years’ supply, because the additional cost ef the dams is not great. 
Suppose we did impound a three-years’ supply at Kamun, then the water 
which would be used every year would he between, say, 175 and 170. As 
a rule, therefore, we should not have to pump any water from below this 
point. We have proposed that, if the water were raised in Bombay, it 
should be about 125 feet, or up to 215 on datum. Now, if the water were 
pumped at Kamun, it is quite clear that it should be distributed to Bom- 
bay by a service reservoir at Koorla. The question, therefore, is, in order 
to effect a comparison between the two schemes, at what level the water 
should be brought to Koorla. Let me assume that the water is thrown 
either into the Upper or the Lower Koorla Reservoir. The great advan- 
tage of the former would be, of course, that we should command Vehar 
and be able to fill that lake at any time we wished to do so. The advan- 
tage of the latter would be that we should not have to pump the water so 
high ; but it must be remembered, on the other hand, that we should not 
have so great a pressure in the town by nearly 40 feet. 

Supposing, then, we brought the Kamun water to the Upper Koorla 
Reservoir, and at the same level as the Kennery, Ewoor, and Tansa, water 
would flow into it, or at 255°50 on datum.* The distance between Kamun 
and Koorla being 194 miles, 18} of this would consist of conduit with a 
slope of 1 foot per mile—there would be 4 8 mile of syphon under the creek, 
and # of a mile of syphon along the depression in the hills, or 1} mile of 
pipe with a slope of 5 feet per mile, or altogether of 6} fect. So that 
the water in order to reach the Upper Koorla Reservoir at 2554 on datum, 


® There has been no special survey made for this high level line from Kamun to Koorla, but I need 
hardly say it is perfectly feasible. In fact, there is no survey required except for the portion be- 
tween Kamun and Ewoor. The line from Ewoor to Koorla would be the same as that for the Ewoor 
and Tansa Schemes, sections of which are given on Plates XLITI. and LIV. As there are high hills 
all the way between Kamun and Ewoor, of course a high level couduit could be made between 


those points. 


THE KAMUN PROJECT FOR “ THE WATER-SUPPLY OF BOMBAY. 859 


would have to start from Kamun at (2554 + 18} + 64, or at) 280 on 
datum, and would have to be pumped up to this level from 170 on datum. 
The lift, therefore, would be 110 feet. ° 
* If the water were thrown into the Lower Koorla Reservoir, it would 
have to start from Kamun at 240 on datum, and having to be pumped 
to this level from 170 on datum, the lift would be 70 feet only.* 

The relative cost of the different schemes will be seen presently, when the 
estimates are given, but I will first notice such other points as call for remark. 

The land which would have to be taken up for the Kamun Reservoir 
would be more expensive than that for any other lake proposed in this 
report, The valley being exceedingly flat, it is well adapted for cultiva- 
tion, and much grain and straw are produced and taken elsewhere. Large 
quantities, also, of firewood are sent into Bombay. In fact, there is a 
considerable trade carried on by means of barges between Kamun, which 
is a village of some local importance, and the neighbouring towns. Be- 
sides Kamun itself, five other villages would be swamped in the event of 
a reservoir being formed, and the amount of compensation for all the 
houses and land and for the loss of trade, would be considerable. Unless 
the villages were removed, and the occupation of the watershed altogether 
prevented, objections would be made to the character of the water, but, if 
these measures were adopted, the water would be perhaps not quite so 
pure as the present supply from Vehar, but still pure enough for all prac- 
tical purposes. 

Estimate No. 1. 

Oost or Kamun Scuame FoR A SUPPLY OF 8} MILLION GALLONS DAILY. 


Supply to be pumped by turbines worked by the Ewoor water. Dams 
at Kaman to impound a one-year’s supply from the valley, but equal to 
16 gallons per head per diem for three years for the present population :— 

BS, 


19 miles of conduit, with a waterway 5 feet wide and 4 

deep, between Kamun and Koorla, at Rs. 80,000 a mile, 15,20,000 
3a mile of syphom pipe ander Tannah Creek, 36 inches 

in diameter, and 1} inch thick, delivering 8} million 

gallons daily, and weighing 510 tons, at Re. 160 aton, .. 31,6060 


Carried forward, .. 16,01,600 


* No special survey has been made for thie low level line. There is none required, except for the 
portion between Hwoor and Koorla. The line between Kamun and Ewoor would be the same as that 
#hown in Plate LVII. As weocan have a high level conduit between Ewoor and Kooris, of cours 
we can Lave a low level one. 
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RS. 

Brought forward, ee es 16,01,600 

Tunnel under Creek, .. ea - a i «. 1,560,000 
9} miles of pipe, from Koorla to Bombay, delivering 8} mil- 
lion gallons daily, 30 inches in diameter, and 1 inch 
thick, weighing 790 tons per mile, or 7,505 tons, at Rs. 

160a ton, .. oe Ss ae sia ae e» 12,00,800 
Lower Koorla Reservoir,* with its outlet works and waste 

weir, .. as oe oe 5,00,000 
No. 1 Dam, Kamun Reservoir (100 fect high, but nails 
of being raised to the height of 120 feet), containing 
5,719,000 cubic fect of rubble masonry, at Rs. 25 per 100 

cubic feet, .. oe ; os ~. 14,29,750 

No. 2 Dam, containing 485, 200 cubic feet of niasontae --  1,21,800 

No. 8 Dam, containing 1,154,200 cubic feet of masonry, .. 288,540 

Kamun Waste Weir,.. ea wie te ae »-  1,50,000 

Kamun Outlet Works, .. + és 6 ; 90,000 
Ewoor Dams and Outlet Works (a two-years’ supply from 
the Ewoor valley being impounded in the lake), vide 
page 252 of No. LXXXI., Professional Papers, Second 


Series, hie 7 ie ae 3 se ee 28,46,000 
Ewoor Waste Weir, .. on ee  1,25,000 
14 miles of conduit from Ewoor Lake to Turbine “Pump- 

ing Station, at Rs. 80,000 a mile, .. os 1,20,000 


Turbines to raise 8} million gallons daily, 100 feet high, 
and all pumping arrangements and buildings, .. e.  8,50,000 


89,72,990 
Add 10 per cent. for contingencies—say, oe ee  8,97,010 





98,70,000 

Land for Kamun Reservoir, channels and pipes, and com- 
pensation for houses and loss of trade, .. ee «» 5,00,000 
Land for Ewoor Reservoir, .. oe ve oe oe 75,000 





Total, .. «+ 1,04,45,000 


Or, say, 104} lakhs for 13 gallons per head per diem for the present 
population. 

If the Ewoor Dams were made high enough to impound a three-years’ 
supply, the cost for the same quantity of water delivered would be about 
9 lakhs more, or 1134 lakhs. 


* Tf a thinner section for the dam be insisted upon than that shown in Plate XLV., there will be 
a reduction in this item of about Rs. 75,000. 

+ If thinner sections than those shown in Pilate LVI. be insisted upon for Nos, 2 and 3 Dams, 
the reduction in the two items would amount to about Re, 1,00,000, 
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Estimate No. 2. 
For A SUPPLY oF 13 MILLION GALLONS DAILY. 


Supply to be pumped by turbines as before. Dams at Kamun to im- 
pound as before a one-year’s supply from the valley :— 


RS, 

19 miles of conduit, as before, we ee we we 18, 20,000 
4 a mile of syphon pipe under Tannah Creek, 42 inches 

in diameter, and 1} inch thick, delivering 13 million 

gallons daily, and weighing 682 tons, at Rs. 160 aton,  1,09,120 
Tunnel under Creek, as before, “% me as --  1,50,000 
94 miles of pipe, from Koorla to Bombay, 36 inches in dia- 

meter, and 14 inch thick, delivering 18 million gallons 

daily, and weighing 1,020 tons per mile, or 9,690 tons, at 


Rs. 160 a ton, ae ee ae es - «> 15,50,400 
Lower Koorla Reservoir with its outlet works and waste 

weir, as before, «se ee ee oe es  §8,00,000 
No. 1 Dam, Kamun Reservoir, as before, .. ee ee 14,29,750 
No. 2 Dam, Kamun Reservoir, as before, .. oe -- 1,21,300 
No. 8 Dam, Kamun Reservoir, as before, .. oe ee 2,88,540 
Kamun Waste Weir, as before, es oe ee --  1,50,000 


Kamun Outlet Works Weir, as before, a ws oe 90,000 


Ewoor Dams and Outlet Works, as before, .. ee e+ 28,46,000 
Ewoor Waste Weir, as before, es ee oe ee  1,25,000 
1} miles of conduit, as before,.. ee oe oe «s —1,20,000 


Turbines and Pumping arrangements and Buildings to 
raise 18 million gallons 100 feet high daily, oe «»  5,00,000 


95,00,110 
Add 10 per cent. for contingencies—say, .. es  9,50,890 








1,04,51,000 
Land, as before—viz., .. ee oe os ee --  5,75,000 


Total, ee ee 1,10,26,000 


Or, say, 110} lakhs for 20 gallons per head per diem for the present 
population. 
As before, it must be borne in mind that the Ewoor Dams have been 


estimated to impound a two-years’ supply only, and for a three-years’ sup- 
ply about 9 lakhs must be added to this estimate. 
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Betimate Ni 0. 8, 
For 4 SUPPLY OF OVER 17 MILLION GALLONS DAILY. 


Supply to be pumped by turbines as before. Dams to impound a one- 

year’s supply from the valley as before :— ; 
RB, 

19 miles of conduit, as before, ¥ oe 185,20,000 
4 a mile of syphon pipe ander Tannah Creck, 48 inches in 

diameter, 14 inch thick, delivering over 17 million gal- 

lons daily, and weighing 880 tons, at Rs. 160aton, .. 1,40,800 
Tunne) under creek, as before, es ee  1,50,000 
9} miles of pipe from Koorla to Bombay, 49 inches in dia- 

meter, and 1} inch thick, delivering over 17 million gal- 

lons daily, and weighing 1,860 tons per mile, or 12,958 

tons, at Rs. 160 a ton, ee ee 20,78,280 
Lower Koorla Reservoir, with its Outlet Works and Waste 

Weir, as before, we ee ee ee aa ee 5,00,000 
No. 1 Dam, Kamun Reservoir, as before, .. zk eo 14,29,750 
No. 2 Dam, Kamun Reservoir, as before, .. eo ' ee 1,21,800 
No. 8 Dam, Kamun Reservoir, as before, .. ee ee  2,88,540 
Kamun Waste Weir, as before, a os es e» 1,560,000 
Kamun Outlet Works, as before, .. ‘i oe a 90,000 
Ewoor Dams and Ontlet Works, as before, .. oe ee 28,46,000 
Ewoor Waste Weir, as before, oe oe ee o>  1,25,000 
1% miles of conduit, as before, .. 1,20,000 
Turbincs to raise over 17 million gallons daily 100 feet high, 

and all pumping arrangements and buildings, .. ee  6,50,000 





1,02,04,670 
Add 10 per cent. for contingencies—say, .. e+ 10,20,830 





1,12,25,000 
Land, as before ee ee ee ee ee ee bite 5,765,000 


Total, .» + 1,18,00,000 

Or, 118 lakhs for 26 gallons per head per diem for the present population. 

And if a three-years’ supply were stored in Ewoor for pumping pur- 
poses, the cost would be about 127 lakhs. 


Estimate No. 4. 





For a svpPLy oF 8} MILLION GALLONS DAILY. 


Supply to be pumped by steam in Bombay. Dams at Kamun to im-~- 
pound, as before, a one-year’s supply from the valley :— 
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RS. 
24} miles of conduit, with a waterway & feet wide and 4 deep, 


between Kamun and Bombay, at Rs. 80,000 a mile, .. 19,60,000 
4a mile of sypbon pipe under Tannah Creek, 36 inches in 

diameter, and 14 inch thick, delivering 8} million gallons 

daily, and weighing 510 tons, at Rs. 160 a ton, .. ee 81,600 
Tunnel under Creek, .. a ~» 150,000 
4 miles of pipe, for the low pronni about Koorla and in the 

island, 36 inches in diameter, and 14 inch thick, deliver- 

ing 8} million gallons daily, and weighing 1,020 tons per 

mile, or 4,080 tons, at Rs. 160 a ton, “i ate ee  6,52,800 
No, F Dam, Kamun Reservoir, as before, .. oe eo 14,29,750 
No. 2 Dam, Kamun Reservoir, as before, .. és ee  1,21,300 
No. 8 Dam, Kamun Reservoir, as before, .. os oe  2,88,540 
Kamun Waste Weir, as before, oe oe as es  1,50,000 
Kamun Outlet Works, as before, oe aa $s 90,000 
Engines of 300 nominal horse-power,* to raise 8b million 

gallons daily 125 feet high, at Rs. 1,800 per horse-power, 

including erection and everything, ‘ or --  5,40,000 
Engine-houses, boiler-houses, coal-sheds, stand pipes, and 

all arrangements in Bombay, ea oe ais «»  8,00,000 
Service Reservoirs ¢ in Bombay, re ne oe -»  &,00,000 


62,63,990 
Add 10 per cent. for contingencies—say, .. «+  6,26,010 





68,90,00C€ 

Land at Kamun, and for conduits and pipes, os ->  6,00,000 
Cost of fuel for raising 84 million gallons daily, 125 feet 
high, on the supposition that the average duty t of the 
engines is 40,000,000 pounds raised a foot high witha 
bushel 94 pounds of coal, or, say, 4,000 tons of coal 
yearly, at Rs. 30 a ton, § amounting to Rs. 1,20,000 
yearly, and supposing this sum capitalised at 6 per 

Cent, ». c2  c8  ec8 coe ee * 20,00,000 


Total, oe ee 93,90,000 


Or, say, 94 lakhs of rupees for 13 gallons per head per diem for the 
present population. 


* The actual pores owe by calculation is only about 220, but we must have some reserve of 
power for contingencies. 

¢ If these were dispensed with, the engine-power should be increased by about 100 horse-power, 
but service reservoirs would be preferable for so large a town. 

¢ The average duty for a whole year of the engines at the Sewage pumping-station at Croasness 
has been 75,000,000 foot pounds, but I assume that the coal in Bombay, will not produce more than 
the above useful effect. I think this is fair, but I am aware that many are of opinion that coal 
loses fully half its power in India. The average duty of Cornish engines is only 60,000,000 foot 
pounds, and the half of this would be but 30,000,000 foot ponnds. 

§ The price of Goal varies from year to year, and is exceptionally high at this moment; but 2 
think Rs. 80 a ten fairly represents the average cost. 
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If coals were at Rs. 35 a ton, the cost for the same quantity of water, 
raised 125 feet high, would be 97 lakhs. 

If the water were raised 100 feet high only, and coals were at Rs 80 
a ton, the cost of the project for 8} million gallons daily, would be about 


86 lakhs altogether. 
If the water were raised 100 feet high, and coals were at Rs 385 a ton, 


the cost fpr the same quantity would be about 91 lakhs. 
Estimate No. 5. 
For A SUPPLY OF 13 MILLION GALLONS DAILY. 


Supply to be pumped by steam in Bombay. Dams at Kamun, as before, 
to impound a one-year’s supply from the valley :— 
BS. 

244 miles of conduit, as before, oe oe ee «> 19,60,000 
3 a mile of syphon pipe under Creek, 42 inches in diame- 

ter, and 14 inches thick, delivering 13 million gallons 

daily, and weighing 682 tons, at Rs. 160 a ton, .. ee  1,09,120 
Tunnel under Creek, as before, oe oe oe ° 1,50,000 
4 miles of pipe, for the low ground about Koorla and in 

the island, 42 inches in diameter, and 1} inches thick, 

delivering 13 million gallons daily, and weighing 1,364 

tons per mile, or 5,456 tons, at Rs. 160 aton, .. «»  8,72,960 
No. 1 Dam, Kamun Reservoir, as before, .. ae ee 14,29,750 
No. 2 Dam, Kamun Reservoir, as before, .. os -»  1,21,800. 
No. 3 Dam, Kamun Reservoir, as before, .. ee es  2,88,540 
Kamun Waste Weir, as before, or ee oe e+  1,50,000 
Kamun Outlet Works, as before, .. oe oe oe 90,000 
Engines of, say, 450 nominal horse-power,* to raise 18 

million gallons daily, 125 feet high, at Rs. 1,800 per 

horse-power, including erection and everything, .. «-  8,10,000 
Engine-houses, boiler-houses, coal-sheds, stand pipes, and all 

arrangements in Bombay, .» —«» we os -» 8,650,000 
Service Reservoirs in Bombay, oe oe oe e»  5,00,000 


68,31,670 
Add 10 per cent. for contingencics—say, oe e+  6,88,880 


* 75,165,000 

Land at Kamun, and for conduits and pipes, oe es  6,00,000 
Cost of fuel for raising 13 million gallons daily 125 feet 
high; say, 6,200 tons, at Rs. 80 a ton, or Rs. 1,86,000 

yearly, representing, at 6 per cent., a capital of .. es 81,00,000 


: = Total, ee ee 1,11,15,000 
* The actual horse-power by calculation comes to about 240, but, as before, we must allow for 
contingencies. : 
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Or, say, 111} lakhs of rupees for 20 gallons per head per diem for the 
present population. 

If coals were at Rs. 35 a ton, the cost for the same quantity of water 
raised 125 feet high, would be 116} lakhs. 


If the water were raised 100 feet high only, and coals were at Rs. 80 


per ton, the cost of the project for 13 million gallons moule be about 
102 lakhs of rupees. 


If the water were raised 100 feet high, and coals were at Rs. 35 a ton, 
the cost for the same supply would be about 107 lakhs. 
Estimate No. 6. 
For a SUPPLY oF 17 MILLION GALLONS DAILY. 


Supply to be pumped by steam in Bombay. Dams at Kamun, as be- 
fore, to impound a one-year’s supply :— 


RS. 

244 miles of conduit, as before, ig ea v6 es 19,60,000 
4 a mile of syphon pipe under Creek, 48 inches in diameter, 

and 1} inches thick, delivering over 17 million gallons 

daily, and weighing 880 tons, at Rs. 160 a ton, .. ee  1,40,800 
Tunnel under Creek, as before, = oe . -»  1,50,000 
4 miles of pipe lor the low ground about Koorla ana in the 

island, 48 inches in diameter, and 14 inches thick, deliver- 

ing over 17 million gallons daily, and weighing 1,760 

tons per mile, or 7,040 tons, at Rs. 160 aton, .. ee 11,26,400 


No. 1 Dam, Kamun Reservoir, as before, oe es 14,29,750 
No. 2 Dam, Kamun Reservoir, as before, ot ee  1,21,300 
No. 8 Dam, Kamun Reservoir, as before, es -- 2,88,540 
Kamun Waste Weir, as before, és a ‘se ee  1,50,000 
Kamun Outlet Works, as before, os ee 90,000 


Engines of, say, 600 nominal siarie- cower ® to raise i7 

million gallons daily, 125 feet high, at Rs. 1,800 per 

horse-power, including everything, ee 10,80,000 
Engine-houses, boiler-houses, coal-sheds, stanipipes, &e., 

and all arrangements in Bombay, .. oe oe ee  4,00,000 
Service Reservoirs in Bombay, ee es as 2»  5,00,000 


74,836,790 
Add 10 per cent. for contingencies—say, .. se 7,483,210 
81,80,000 


Land at Kamun for conduit and pipes, as before, .. --  &,00,000 
Cost of fuel for raising 17 million gallons daily, 125 feet 

high, say, 8,000 tons, at Rs. 80 a ton, or Rs. 2,40,000 

yearly, representing, at 6 per cent., acapital of .. e» 40,00,000 


{Ee EG 


Total, .. .. 1,26,80,000 


* The actual horse-power by calculation comes to about 450, 
VOL. l,—-SECOMD SERIES. 3B 
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Or, say, 127 lakhs for 26 gallons per head per diem for the present 
population. 

If coals were at Ra. 85 a ton, the cost for the same supply, raised 125 
feet high, would be about 1334 lakhs. 

If the water were raised 100 feet high only, and coale were at Rs. 30 
per ton, the cost of the project for 17 million gallons would be about 
1163 lakhs. : 

If the water were raised 100 feet high, and coals were at Rs. 35 a ton, 
the cost for the same supply would be about 122 lakhs, 


Estimate No. 7. 
For A surPLY oF 8} MILLION GALLONS DAILY. 


Supply to be pumped by steam at Kamun, and to flow into the Lower 
Koorla Reservoir. Dams to impound a three-years’ supply from the 


Cost of fuel for raising 8} million gallons daily, 70 feet 
high, say 2,160 tons, at Rs. 80 a ton, or Rs. 64,800 yearly, 


representing, at 6 per cent,, a capital of ee 
Total, 





valley :— 
Es. 

19 miles of conduit, as per Estimate No. I, .. “ ee 15,20,000 
4a mile of syphon pipe under Creek, ditto, .. oe ° 81,600 
Tunnel under Creek, ditto, .. ee oe oe e>  1,50,000 
93 miles of pipe from Koorla, ditto, .. ee oe e. 22,00,800 
Lower Koorla Reservoir, ditto, vw ws 5,00,000 

No. 1 Dam, Kamun Reservoir €120 feet high), scntaining 

6,500,000 cubic feet of waa at Rs. 25 per 200 cubic 
feet, ee ee ee oe ee 16,26,000 
No. 2 Dam, containing 750 500 ‘cable’ feet, oe oe e-  1,87,625 
No. 8 Dam, containing 1,986,400 cubic feet, oe es  £,96,600 
Kamun Waste Weir, .. es Se oe a% e- 1,560,000 
Kamun Outlet Works, .. oe ee Ss «>  1,50,000 

Engines of 200 nominal bites-power® to raise 83 million 
gallons daily, 70 feet high, at Rs. 1,800 per horse-power,..  8,60,000 

Engine-houses, boiler-houses, and all arrangements at 
Kamun, ee ee oe ee oe oe oe 2,00,000 
66,21,625 
Add 10 per cent. for contingencies—say, o>  6,62,875 
72,84,000 
Land at Kamnn, and for conduits and pipes, oe 5,00,000 


10,80,000 


88,64,000 


calculation is a little ever 120. 
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Or, say, 883 lakhs of rupees for 18 gallons per head per diem for the 
present population. 

If coal be taken at Rs. 35 per ton, the cost for the same quantity of 
water would be about 90 lakhs. 


Estimate No. 8. 
For A svrp.y or 13 MILLION GALLONS DAILY. 


Supply to be pumped at Kamun, and to flow into the Lower Koorla 
Reservoir. Dams to impound a three-years’ supply from the valley :— 


RS. 

19 miles of conduit, as per Estimate No. 2, .. ee e- 15,20,000 
4 a mile of syphon pipe under Creek, ditto, .. os -  1,09,120 
Tunnel ander Creek, ditto, .. ais es es ee  1,50,000 
94 miles of pipe from Koorla, ditto, .. ee - e» 15,50,400 
Lower Koorla Reservoir, as before, .. oe «>  5,00,000 
No. 1 Dam, Kamun Reservoir (120 feet high), as before, «» 16,25,000 
No. 2 Dam, Kamun Reservoir (120 feet high), as before, ... _1,87,626 
No. 8 Dam, Kamun Reservoir (120 feet high), as before, ..  4,96,600 
Kamun Waste Weir, ee ee ee eo ee ce 1,50,000 
Kamun Outlet Works,.. ss oe oe ee  1,50,000 
Engines of, say, 260 nominal horse-power,* ‘ie raise 13 mil- 

lion gallons, 70 feet high, at Rs. 1,800 per horse-power,..  4,68,000 
Engine-houses, boiler-houses, and all arrangements at 

Kamun, oe oe ee oe oe ee eo  2,00,000 





71,06,745 
Add 10 per cent. for contingencies—say, .. «-  7,10,255 


78,17,000 

Land at Kamun, and for conduits and pipes, e+ ee  5,00,000 
Cost of fuel for raising 13 million gallons daily, 70 feet high, 
say 8,406 tons, at Rs. 80 per ton, or Rs. 1,02,000 yearly, 

representing, at 6 per cent., a capital of .. ee »« 17,00,000 


Total, ee ee 1,00,17,000 


Or, say, 100} lakhs of rupees for 20 gallons per head per diem for the 
present population. 


If coal be taken at Rs. 85 per ton, the cost for the same quantity of 
wate ' would be about 102 lakhs. * 


* The actual horee-power is by calculation about 196, 


ra coe ., ‘ 
1 ‘ 1 t ' Pee ' fl . 
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Estimate No. 9, 


For & SUPPLY oF 17 MILLION GALLONS DAILY. 


Supply to be pumped by steam at Kamun, and to flow into the Lower 
Koorla Reservoir. Dams to impound a three-years’ supply from the 
valley :— ; BS. 

19 miles of conduit, as per Estimate No. 3, .. es = wes, 20,000 
4a mile of syphon pipe under Creek, as per Estimate No. 8, 1,40,800 
Tunnel under Creek, as per Estimate No. 3, oe e»  1,60,000 
9} miles of pipe from Koorla, as per Estimate No.8, .. 20,78,280 
Lower Koorla Reservoir, as before, .. es  6,00,000 
No. 1 Dam, Kamun Reservoir (120 feet high), as before, ee 16,25,000 
No. 2 Dam, Kamun Reservoir, as before, .. oe eo  1,87,625 
No. 3 Dam, Kamun Reservoir, as before, .. eo ee  4,96,600 
Kamun Waste Weir, .. ee és << a ee  1,50,000 
Kamun Outlet Works, .. oie a re as -»  1,60,000 
Engines of 350 nominal horse-power,* to raise 17 million 

gallons daily, 70 feet high, at Re. 1,800 per horse-power,..  6,80,000 
Engine-houses, boiler-houses, and all arrangements at 

Kamun, .. of oF oF of ce ec  2,00,000 - 


ee) 


78,28,305 
Add 10 per cent. for contingencies—sav, .. ee 7,82,695 


86,06,000 

Land at Kamnn, and for conduits and pipes, es = we_~—«* 00,000 
Cost of fuel for raising 17 million gallons daily, 70 feet high, 
say 4,500 tons, at Rs. 30 a ton, or Rs, 1,05,000 yearly, 

representing, at 6 per cent., a capital of .. os + 22,50,000 


Total, .. 1,18,56,000 





Or, say, 1183 lakhs for 26 gallons per head per diem for the present 


population. 
If coal be taken at Rs. 85 per ton, the cost for the same quantity of 


water would be about 117} lakhs. 
Estimate No. 10. 
For suPriy oF 8} MILLION GALLONS DAILY. 


Supply to be pumped by steam atyXamun, and to flow into the Upper 
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Koorls Reservoir. Dams to impound a three-years’ supply from thd 
valley :— 

RA, 


183 miles of conduit, at Rs. 80,000 a mile, .. oe ee 14,60,000 
1} mile of syphon pipe (under Creek and along depression 

in the hills), 86 inches in diameter, and 1} inch thick, de- 

livering 8} million gallons daily, and weighing 1,020 tons 

per mile, or 1,275 tons, at Rs. 160 a ton, .. ae ee  2,04,000 
Tunnel under Creek, as before, as 1,50,000 
9§ miles of pipe, from Koorla to Bombay, 28 inches i in dia- 

meter, and 1 inch thick, delivering 8} million gallons 

daily, and weighing 720 tons per mile, or 6,840 tons, at 

Rs. 160 a ton,.. es <n sa es ee 10,94,400 
Upper Koorla Reservoir, as before, Pe e es  §8,00,000 
No. 1 Dam, Kamun Reservoir (120 feet high), as bebabes: -« 16,25,000 
No. 2 Dam, Kamun Reservoir (120 feet high), as before,..  1,87,625 
No. 8 Dam, Kamun Reservoir (120 feet high), as before,..  4,96,600 
Kamun Waste Weir, as before, oie se = ee  1,50,000 
Kamun Outlet Works, as before, .. ae Se es  1,50,000 
Engines of, say 260 horse-power,* nominal, to raise 8} mil- 

lion gallons, 110 feet high, at Rs. 1,800 per horse-power, 4,68,000 
Engine-houses, boiler-houses, and all arrangements at Ka- 

mun, «- ee eo eo oe oe ee ee 2,00,000 


ca 








64,85,625 
Add 10 per cent. for contingencies—say, .. e+  6,48,875 
71,34,000 


Land at Kamnun, and for conduits and pipes, oe «+  §,00,000 
Cost of fuel for raising 8} million gallons daily, 110 feet 

high, say 3,400 tons, at Rs. 30 a ton, or Rs. 1,02,000 year- 

ly, representing, at 6 per cent.,acapitalof  .. ee  17,00,000 


Total,.. .. 98,384,000 





Or, say, 934 lakhs of rupees for 13 gallons per head per diem for the 
present population. 

If coal be taken at Rs. 35 per ton, the cost for the same quantity of 
water daily would be about 963 lakhs. 


Estimate No. 11. 
For A SUPPLY OF 18 MILLION GALLONS DAILY. 


Sapply to be pumped by steam at Kamun, and to flow into the Upper 


* The actual horse-power by calculation is a little over 190, 
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Koorla Reservoir. Dams to impound a three-years’ supply from the 


valley :— 
RS. 


18} miles of conduit, as per previous Estimate, .. «> 14,60,000 
1} miles of syphon pipe (under Creek and along depres- 
sion in hills), 42 inches in diameter, and 1} inch thick, 
delivering 13 million gallons daily, and weighing 1,864 
tons per mile, or 1,705 tons, at Rs. 160 aton, .. es  2,72,800 
Tunnel under Creek, as before, se - ee -» 1,560,000 
94 miles of pipe from Koorla to Bombay, 33 inches in dia- 
meter, and 13 inch thick, delivering 18 million gallons 
daily, and weighing 924 tons per mile, or 8,778 tons, at 
Rs. 160 a ton, oe <a oe oe e+ 14,04,480 
Upper Koorla Reservoir, as before, oe oe oe «>  8,00,000 
No. 1 Dam, Kamun Reservoir, as before, .. ee «> 16,25,000 
No. 2 Dam, Kamun Reservoir, as before, .. oe «- 1,87,625 
No. 3 Dam, Kamun Reservoir, as before, .. oe e+  4,96,600 
Kamun Waste Weir, as before, es oe oe ee 1,560,000 
Kamun Outlet Works, as before, .. és ss -»  1,60,000 
Engines of, say, 400 nominal horse-power,* to raise 18 mil- 
lion gallons, 110 feet high, at Rs. 1,800 per horse-power, 7,20,000 
Engine-honuses, boiler-houses, and all arrangements at Ka- 
mun, .- oe i ee oe oe a e-  2,00,000 
| * 71,16,505 
Add 10 per cent, for contingencies—say, oe oe «=: 7,11, 495 





Land at Kamun, and for conduits and pipes, ee ee 78,27,000 
Cost of fuel for raising 18 million gallons daily, 110 feet 5,00,000 
high, say, 5,400 tons, at Rs. 30 a ton, or Rs. 1,62,000 year- 
ly, representing, at 6 per cent., a capital of ee ee 27,00,000 


Total, .. e+ 1,10,28,000 


Or, say, 110} lakhs for 20 gallons per head per diem for the present 


population. 
If coal be taken at Rs. 35 per ton, the cost for the same quantity of 


water would be nearly 115 lakhs. 


Estimate No. 12. 
For a surpty or 17 MILLION GALLONS DAILY. 
Supply to be pumped by steam at Kamun, and to flow into the 


© The calculated power is 300, 
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Upper Koorla Reservoir. Dams to impound a three-years’ supply from 


the valley :— 
RS. 

18} miles of conduit, as per previous Estimate, .. ee 14,60,000 
1} mile of syphon pipe (under Creek and along depression 

in hills), 48 inches in diameter, and 13 inch thick, deliver- 

ing 17 million gallons daily, and weighing 1,760 tons per 

mile, or 2,200 tons, at Rs. 160 a ton, os se e-  8,52,000 
Tunnel under Creek, as before, ee és ea --  1,50,000 
94 miles of pipe, from Koorla to Bombay, 39 inches in dia- 

meter, and 1} inch thick, delivering over 17 million gallons 

daily, and weighing 1,260 tons per mile, or 11,970 tons, at 

Rs. 160 a ton, a ie os ws oe «- 19,15,200 
Upper Koorla Reservoir,as before, .. .. «+ «+  8,00,000 
No. 1 Dam, Kamun Reservoir, as before, .. ae e» 16,25,000 
No. 2 Dam, Kamun Reservoir, as before, .. aa e-  1,87,625 
No. 8 Dam, Kamun Reservoir, as before, .. a es  4,96,600 
Kamun Waste Weir, as before, as ae “ -»  1,50,000 
Kamun Outlet Works, as before, .. as a --  1,50,000 
Engines of, say, 500 nominal horse-power,* to raise 17 mil- 

lion gallons 110 feet high, at Rs. 1,800 per horse-power, 9,00,000 
Engine-houses, boiler-houses, and all arrangemepts at Ka- 

mun, .. ee oe ee ee ee és --  2,00,000 


78,86,425 
Add 10 per cent. for contingencies—say, oe e. 7,88,575 





86,75,000 

Land at Kamun, and for conduits and pipes, ee --  &,00,000 
Cost of fuel for raising 17 million gallons daily, 110 feet 
high, say 7,100 tons, at Rs. 30 a ton, or Rs, 2,13,000 yearly, 

representing a capitalof .. sia oY oe e- 86,50,000 


ee oe 


Total, .. —.. 1,28,25,000 
Or, 128} lakhs for 26 gallons per head per diem for the present popula- 
tion. 
If coal be taken at Rs. 35 per ton, the cost for the same quantity of 
water would be about 134 lakhs. 


H. T.. 


» The hoxse-power required by calculation is over 390, 
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No. XCILI. 


SUMMARY OF PROJECTS FOR c THE WATER-SUPPLY 
OF BOMBAY.” 


By Mason Hecror Tuttocu, R.E. 


I HAVE now given such an account of what has already been written and 
done with regard to the water-supply of Kombay as will enable the read- 
er to understand the position in which the question at present stands. 
I have given such a description of the surrounding country as should 
enable him to form an opinion on the facilities for storing water which 
the different valleys afford, and on the means which would probably have 
to be resorted to, in order to bring it to Bombay. I have, I trust, de- 
monstrated the superiority of masonry over earthen dams, of conduits 
over iron pipes, and shown the desirability of making an experiment on 
the feasibility of rock syphons, and of keeping our pipes above ground. 
And lastly I have shown, with as much exactness as the question admits 
of, the capabilities for supply of those particular valleys which, after 
careful investigation, seem the most promising for our purposes, and I 
have furnished estimates of the probable cost which will have to be in- 
curred to make the supply from any one of these valleys available for the 
town. 

It is now necessary te summarize the results arrived at, in order that 
the reader may the more easily make a comparison between the different 
projects submitted to his judgment. 

The quantity of water obtainable from the Kennery valley is about 18 
gallons per head per diem, for the present population. To store # one- 
year’s supply will require a dam 180 feet high—a two-years’ supply, one 
of 155 feet——and a three-years’ supply, one of 172 feet. And the cost 
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of the project will be, in the first case, 40}—in the second, 473—and in 
the third, about 54 lakhs. 

Toolsee offers us no more than 54 gallons per head per diem, for the 
present population, with dams 77, 92, and 105 feet high, for a one, two 
and three-years’ supply, respectively, and the cost in the first case would 
be 214, in the second 25, and in the third 28 lakhs. 

Ewoor could supply 10 gallons per head per diem, with dams 124, 141, 
and 155 feet high. The cost of this supply would be 56} lakhs with the 
first dam, 64 lakhs with the second, and 782 lakhs with the third. 

From Tansa could be obtained 140 gallons per head per diem, for the 
present population, but to store this quentity at first would be absurd. 
A dam 95 feet high would impound nearly as much water as we now 
have in the Vehar Lake, and the cost of supplying 18, 20, and 26 gallons 
per head daily would be 87, 993, and 1154 lakhs, respectively. 

The quantity of water which might be got from the low level reservoir, 
Kamun, is 48 gallons per head daily, but in this case, also, it would be 
absurd at first to deliver such a supply to the town. The Kamun water 
could be made available by various means. If pumped by the water in 
the Ewoor Lake, the cost of 18, 20, and 26 gallons per head daily would 
be 104}, 1104, and 118 lakhs, respectively. But if the Kamun supply 
were pumped in Bombay 125 feet high, with coals at Rs. 30 per ton, the 
cost for the different quantities above would be 94, 1114, and 127 lakhs, 
respectively ; but with coals at Rs. 35 per ton, the cost would be 97, 116}, 
and 1884 lakhs. If pumped 100 feet high, with coal at Rs. 80 a ton, the 
cost would be 88, 102, and 116} lakhs; but with coal at Rs. 35 a ton, 
the cost would be 91, 107, and 122 lakhs. 

Again, if the water were pumped at Kamun, with coal at Rs. 30 a 
ton, and delivered to Bombay from the Lower Koorla Reservoir, the cost 
would be 883, 1003, and 1134 lakhs; but with coals at Rs. 85, the cost 
would be 90, 102, and 117} lakhs for 13, 20, and 26 gallons per head 
daily. 

Lastly, if the water were pumped at Kamun and delivered to Bombay 
from the Upper Koorla Reservoir, the cost, with coal at Rs. 80 per ton, 
would be 983, 110} and 128} lakhs, but with coal at Rs. 35 a ton, 964, 
115, and 184 lakhs. 

The accompanying table shows, at one view, the cost of all the different 
projects. 
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I think it must be manifest to every one who gives but a few minutes’ 
consideration to the subject, that it would be a mistake for the Bench to 
carry out a scheme with a dam to be raised no higher than sufficient to 
impound a one-year’s supply from any of the amaller valleys. The failure 
of a single monsoon would, in such 9 case, cause the supply to the town 
to be suspended. A two-years’ sapply seems to me to be the very lenst 
which should be impounded. In such s ense two successive failurs of the 
sitonsoon must cocur before the water eoald be consanmed, an} I think sharp 
are objections to a scheme with a reservoir of even such capacity. In con- 
sidering the different projects, this point should have its weight. We 
will take the projects in the order exhibited in the table. 

The Toolsee Valley not being capable of giving us more than 8} mil- 
lion gallons yearly, we cannot look to it as a permanent source for increasing 
the supply of the town. If any one of the Toolsee Projects is carried out, 
it will hardly give sufficient relief to the town even at present, and we shall 
be compelled to adopt some other scheme in addition. We may, therefore, 
assume that, however desirable the Toolsee Scheme may be in itself, it 
eannot be considered as a solution of the water-supply question. 

Let us analyze the Ewoor Project. To impound only a one-year's supply 
being absurd, it would cost us, with a dam impounding a two-years’ sup- 
ply, 64 lakhs to obtain 64 million gallons daily from’ this valley. There 
are four objections to the adoption of this scheme. It is incapable of ex- 
tension. Its cost, in proportion to the quantity of water supplied, would 
be very great, The main dam would require to be built at once 141 feet 
high. And, in the event of two failures of the monsoon, no water would 
be obtained from it. On these considerations, and remembering that by 
the expenditure of a few more lakhs, we might secure far greater advantages 
than Ewoor offers, I am of opinion that the Bench would not be acting 
wisely to sanction any one of the Ewoor Projects. 

The supply from Kennery, would be cheaper than that from any other 
valley, excepting Tovlsee. On the other hand, the fact must be looked 
at in the face, that the Dam cannot be less than 155 feet high. It must 
also be remembered that the supply from Kennery is not capable of 
extension, and it is quite clear, therefore, that, if the Kennery Seheme be 
carried out, it must be supplemented by some other project after 10 
or 15 years. It cannot be compared with either the Kamun or Tanga 
Schemes, because there afford us a supply which can be increased from 
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time to time as the demands of the town become greater, whereas the 
supply from Kennery is only sufficient for the immediate requirements of 
the population. 

The Tansa Project is the cheapest one admitting of extension. 

The Kamun presents many aspects, but the idea of pumping the sup- 
ply with turbines worked by help of the Ewoor water must be abandoned 
The estimates show that the Ewoor Dams would be far too expensive for 
@ project of this nature to be entertained. Nor do I think that it would 
be wise to erect the pumping engines at Kamun. It might be a little 
more expensive to pump up the water in Bombay, but then the great 
advantage of having the engines under the immediate care of the Bench 
and its officers would compensate for this. All kinds of irregularities 
might go on at Kaman without detection, but it would be the fault of 
the Justices themselves if irregularities were practiced in the town. Un- 
der these circumstances I cannot recommend that form of the Kamun 
Scheme in which the water would be raised far away from Bombay. 

For a large supply, the issue is now confined to the merits of two pro- 
jecte—the Tansa, with its high level service reservoir at Koorla, and the 
Kamun, with its pumping works in Bombay. Both offer us much more wa- 
ter than we can possibly require at present. The Tansa would practically 
give us a somewhat greater pressure than we have in the Vehar mains. 
The pressure, if the water were pumped in Bombay, could be as great as the 
Bench chose to make it, but, to be the same as that obtained by the 
Tansa Project, the water would have to be raised from 125 to 150 feet 
high. Let us assume that the height of 125 feet would be sufficient, and 
that the same quantity of water were supplied from each valley. I am of 
Opinion that for a large supply, the Bench would do wisely to arrange 
for one of not less than 18 million gallons daily. The cost of this quan- 
tity from Tanga would be about 100 lakhs, from Kamun about 112 lakhs. 
If the water were pumped 100 feet-high instead of 125 feet, the Kamun 
Project would cost about two lakhs only more than the Tansa. During 
this year, coals have risen considerably in price, and the general idea 
‘seems to be that the rise will be a permanent one, and is due, not so much 
‘to excessive demand as to the rise in the price of labor, and to the redue> 
tion in the namber of working hours which has taken place all over 
England. At all-events, the price of coal is an uncertain element in the 
estimate cf the Kaman Project, and while I think Rs. 30 a ton will proba~ 
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bly be a fair average to allow for some years to come, I am aware that 
many will contend this is too small an allowance. If coal continues to 
rise in price, of course the cost of raising the Kamun water in Bombay will 
be above what it has been put at. We will, however, assume that 18- 
million gallons daily from Kamun will cost about 10 lakhs more than 
the same quantity from Tansa.* 

Another very uncertain element of the Kamun » Peat is the duty 
which may be expected from a bushel of coal. On this question also 
there is sure to be much diversity of opinion. The Crossness sewage 
pumping engines in London have done throughout the year an average 
duty of 75,000,000 foot pounds, and the average duty of Cornish engine® 
is 60,000,000 foot pounds. I have assumed for the Bombay engines an 
average duty per bushel of 40,000,000 foot pounds, but I am aware that 
many are of opinion that coal in India does not produce a useful effect of 
more than half the amount it does in England. According to these 
Engineers, therefore, I should not be entitled to take more than, say, 
85,000,000 foot pounds as the average duty to be expected from the 
use of coal in Bombay. If this be the case, the cost of coal will be in- 
creased by more than 12 per cent., and this will add several lakhs to the 
total of the estimate. 

The height of the Kamun Dam at first would be 100 feet, and ultimate- 
ly 120 feet ; that of the Tansa Dam at first would be 95 feet, and ultimately 
180 feet. It is not absolutely imperative that the Kamun and Tansa 
Dams should be of these heights, but I think the advantages which would 
be secured by building them as proposed are so great that it would not be 
advisable to have lower ones. In the case of Kamun, if the dam were 
made lower, the water would have to be drawn off from a lower point, 
it would reach Bombay at a lower level, and the lift, therefore, for the 
pumps would be a greater one. The uncertainty of the cost of coal, and 
the general principle upon which Engineers proceed—viz., that first costt 
is not nearly so important an item to effect a saving in as a constant yearly 
charge—induces me to recommend that the dam should be built ten or 
twenty feet higher—rather than that the water should be pumped this ex- 
tra height. The difference then between the dams would be this: the 

® Since writing the above, I find coals have risen considerably in price, and it is currently report 


ed that in the ensuing winter, they will be as high as 42s, per ton in London. 
t A first cost isknown, but a yearly charge like that for ooal is Hable to increase from year to year, 


and to attain enormous proportions in the future. 
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Tansa Dam would be at first five feet lower, but ultimately ten feet higher, 
than the main Kamun Dam. This would be somewhat to the advantage — 
‘of Kamun if the sites were equally favorable, but it is in this respect that 
the Kamun Project is so inferior. The reader is aware that the bed of 
the stream at Kamun is at 80 feet on datum, or just at about mean sea 
level. The water at high tide, therefore, would be washing over the ‘face 
of the dam wall. This I consider a very trifling objection, inasmuch as 
it would be easy to protect the wall from injury; but what is really a point 
worth great consideration is the depth to which we should have to carry 
the foundations. Several pits were dug along the line of the dam, and to 
the depth of from 15 to 20 feet. In every case the soil proved to be a 
mixture of clay and sand, through which the water came pouring in in such 
large quantities, that it could not be kept down by baling. Moreover, in 
some of the pits, although we dug as low as 20 feet below the surface, we 
did not come on rock. These facts prove that, in building the dam, it 
would be absolutely necessary to keep the water out down to a depth of 
20 feet below mean sea level, and probably to a greater depth than this; 
nor could we positively reckon on obtaining a perfectly sound foundation 
for a dam even at these low depths. In my estimates I have made no 
special allowance either for pumping or for building in the foundations, 
but have supposed that these charges would be covered by the item of con- 
tingencies at 19 per cent. Now in the case of the Tansa Dam nothing 
could be more favorable than the bed of the stream, It is as smooth as a 
pavement, and the rock lies bare, so that its texture can be seen to perfec- 
tion. If farther evidence of the soundness of the rock be required, it is 
only necessary to trace the river for a mile either above or below the site 
of the dam. Everywhere it runs over the same kind of rock, hard and 
smooth—similar in its qualities to the best trap used for building purpos- 
es in Bombay. 

Not only is the foundation for the dam better at Tansa than at Kamun, 
but the section across the valley is so much more favorable. The high 
portion of the Tansa Dam would be very short as compared with the high 
portion of the Kamun Dam. I pointed out previously how important, 
in judging of dams, this point was, and, if the reader will refer to the 
Plates of the several dams, he will find that, excepting the site for the 
Toolsee Dam, that for the Tansa is the most favorable of all. The 
hills rise at once from the banks of the river to 90 feet on ene side 
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and 70 on the other, and the high portion of the dam, subsequently, 
is confined to the narrow gorge through which the river has cut a 
way for itself. Now the Kamun river flows, not through a narrow gap 
between hills, but across a plain about 250 yards wide, and the ground, 
instead of rising at once from the banks of the stream, does not rise 
except from the extremities of the plain, vide Plate LVI. | 

Considering, therefore, the depth to which we should ha¥e to excavate 
at Kamun to reach solid rock, the uncertain nature of the strata at the 
bottom, the difficulty and expense of keeping the foundations clear of 
water during construction, and the great length of the high portion of the 
dam, I am of opinion that a dam 150 feet high on such a site as we have 
got in the Tansa valley, could be built with greater safety, and would 
afterwards be more secure than one 120 feet high at Kamun. But when 
we remember that the actual difference in height between the two dams 
cannot exceed 10 feet, and may not even be so much, because the excava- 
tions at Kamun may have to be carried to a greater depth than we 
have supposed, the advantages of the Tansa Dam are evident. 

The quality of the water from the two valleys would not differ much; 
perhaps that from the Tansa might be a little purer, as there is more rock 
in that district. 

The means employed to bring the water to Bombay would be the same. 
Conduits and iron pipes would have to be employed. The Tannah Creek 
would have to be crossed in both cases, but the stream is twice as wide 
at Kolset as at the crossing point for the Kamun Channel. In the former 
case, however, the depth of the water is 25 feet, and in the latter as much 
as 100. 

Considering, then, that with coals at Rs. 80a ton, and with the pump- 
ing engines doing an average duty of 40,000,000 foot pounds for every 
bushel of fuel expended, the Kamun Scheme would still cost 12 lakhs of 
rupees more than the Tansa—considering that coals are steadily rising in 
price, and are higher at this moment than they have ever before been, and 
that, if they continue to rise, the allowance of Rs. 80 a ton will not be 
sufficient to cover their cost—considering that the duty of the engines 
may also turn out to be less than that assumed in framing the estimates 
—considering the difficulties that must be encountered in building the 
Kamun Dam, and the uncertain nature of the strata on which the work 
must stand, and, considering, on the other hand, the remarkably favor- 
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able, indeed unexceptionable, foundation which is to be obtained for the 
Tansa Dam—considering how great is the length of the high portion of 
the Kamun Dam, and how short that of the Tansa one—considering, 
too, that by the help of the Tansa Project we can improve the existing 
water works, by keeping the Vehar Lake always full, and that this advan- 
tage cannot be secured by the Kamun Scheme if the water is pumped in 
Bombay,—lI .cannot hesitate to recommend the Tansa Scheme as the 
one most worthy of adoption by the Bombay people for a large supply of 
water.* 

With regard to the Toolsee Project, if matters have not already pro- 
ceeded too far to allow of the form of the dam being altered, I entreat 
that the height of this work be fixed at 105 feet. By making the dam 
80 feet high only, as I understand is proposed, the Bench are foregoing 
their power to store water for future contingencies. No more water can 
be stored in Vehar, except at an enormous expense; none in Ewoor ex- 
cept also at a great outlay. The only two valleys where, speaking finan- 
cially, it is practicable to keep a supply for contingencies, are Kennery 
and Toolsee. And in Kennery this can only be done by the help of a 
very high dam, against which objections are sure to be raised. In fact, 
the Toolsee is the only valley in Salsette where we may keep a good 
stock of water, without incurring much expense, and with a dam of ordi- 
nary height. To the argument which may be brought forward, that the 
dam on the dividing ridge between the Toolsee and Vehar Lakes may 
make the latter insecure, my reply is—in the first place, this dam would 
be no more than about 55 feet high; in the second, its strength, if built 
according to Mr. Rankine’s section, would be about 50 per cent. more 

* In recommending the high level Tansa Project as one better worthy the consideration of the 
Bench than the low level Kamun one, it cannot be urged that I do so because it is more essentially 
my own proposition. Whatever little credit may attach to the suggestion of a low level projest 
for Bombay, I think I may lay claim to it as having been the first to bring it to the notice of 
the former Commissioner, Mr. Orawford. In giving my evidence before the Water-supply and 
Drainage Commission, in 1869, J was severely cross-examined on this subject, and although I felt 
perfectly certain at the time that a project with a low level reservoir was possible, I was aware that 
I had failed to convince many people of the practicability of bringing water to Bombay in a low 
level conduit.. The members of the Commission, however, were evidently satisfied on the subject, 
ea their recommendations were to the effect that a scheme of this kind was the best for the town. 
Little did I think, while giving my evidence, that not only was a low level conduit feasible, but that 
it was actually possible to have a high level one for the greater portion of the distance to Bombay. 
Had I mentioned at that time that such an idea had occurred to me, I feel certain I should have been 
laughed at. It a the fact of the practicability of a high level conduit, made manifest hy my resent 


surveys, which has, in addition to the other reasons stated above, induced me to give the preference 
to the Tansa over the Kamun Scheme, 
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than .necessary; * in the third, a masonry dam, and especially of such 
enormous strength, could not by any possibility be carried away bodily ; 
and in the fourth place, if the dam could not be carried away bodily, no 
harm could come to the Vehar Lake from its construction, 

The projects, then, which in my opinion deserve the special attention of 
the Bench, are the combined Kennery and Toolsee Projects, for a supply of 
13 gallons per head per diem for the present population, and the Tansa 
Project for a supply of 20. ‘ 

In the former case, whatever may be the heights to which it may be 
decided to raise the Kennery and Toolsee Dams now, the sections for 
these dams should be such as to admit of the former being raised ulti- 
mately to the height of 155 feet, and the latter to the height of 105 feet. 
The reason why I recommend these heights is, that the Toolsee Dam will 
then be able to impound a three-years’ supply from that valley, and the 
Kennery a three-years’ supply from its own valley, and in the two lakes 
together, it will hereafter be possible to store a three-years’ supply from 
the whole watershed of these valleys taken together. However little 
water we may choose at present to store for our own purposes, we shall 
be doing our utmost on behalf of future generations by giving them the 
opportunity, should they think fit, to store, hereafter, a full three-years’ 
supply. In fact, while looking to ourselves, we shall not be selfishly 
sacrificing the interests of those who come after us. 

If, then, the Kennery and Toolsee Projects be decided upon, the water 
should be taken by one channel to the Upper Koorla Reservoir, and de- 
livered to Bombay from that point. Beyond this remark there is no 
explanation called for on my part, as the description already given of 
these projects in Article Nos. LX XIX. and LXXX. of Professional Pa- 
pers, Segond Series, is sufficiently explicit for all purposes. The financial 
aspect of the question only remains to be gone into. 

To carry out the Kennery and Toolsee Projects, even if the Bench 
decide to raise the dams at once to the heights recommended by me, would 
cost almost exactly sixty lakhs of rupees. Public loans in England are 
now made repayable in 50 years, and I should think-there would be no 
difficulty in getting the Imperial Government to grant money on the same 
terms to the town of Bombay. If this be the case, then the sum required 
by the Bench yearly to pay off 60 lakhs in 50 years, together with the 


® Vide paragraph 323, Appendix B. of No. LXVITI., Professional Papers, Second Series. 
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interest thereon, so that at the end of that period they should have dis- 
charged all liabilities against them, would be Rs. 3,80,6874.* I have 
already shownf that the surplus in hand at the end of each year, out of 
the receipts from the present waterworks, after paying what is due to the 
Government and for the maintenance of the works, amounts to Rs. 1,55,000. 
In order to carry out the Kennery and Toolsee Frojects, the Bench would, 
therefore, require to raise a revenue of (Rs. 8,80,6874 — Ra, 1,55,000 =) 
Rs. 2,25,6874, and a further sum of about Rs. 35,000 would be required 
for the maintenance and extension of the works.~ The total sum to be 
raised yearly would thus amount to, say, Rs. 2,60,000. 

The present works yield Rs. 8,80,000 yearly, and they supply six gal- 
lons for every five which the Kennery and Toolsee works would give 
hereafter.§ Considering that not even half the town of Bombay is pro- 
perly supplied with water, there can hardly be any doubt of our being 
able to utilize all that we should obtain by the proposed projects. They 
should, therefore, yield Rs. 3,16,666. Bunt we do not require more than 
Rs. 2,60,000. It will thus be seen that there is every prospect of success 
in the financial part of the undertaking. We should have a balance of 
about half a lakh of rupees yearly on the safe side. 

If the Bench object to the Kennery Project on the ground that the dam 
must be so very high, then I am of opinion that it would be best to carry 
out the Tansa Scheme for 13 million gallons daily. The reason why I 
recommend this supply in preference to one of 84 million gallons is, that 
the difference of cost in the two cases is 12} lakhs only. To supply the 
latter quantity would cost 87 lakhs, while to supply the former would cost 
994 lakhs; and the sum of money which the Bench would have to raise 
yearly, in order to pay off the former debt in 50 years, would be about 4} 
lekhs of rupees, while that required to expunge the latter would be about 
5} lakhs.|| Now, it seems to me that it would be easier to raise a revenue 
of 5} lakhs yearly with a supply of 13 million gallons daily, than it would 


* This may be taken as correct, havifig been calculated from the table prepared by the actuary of 
the National Debt Office, which is in use by Her Majesty's Government. 

¢ Page 200, in No. LXXVII., Professional Papers, Second Series. 

+ The present establishment, with a very small addition to it, would suffice for the superintendence 
of all the new water works, and this farther sum would go almost altogether towards the extension 
of works of distribution in the town. - 

§ In Article No. LXXIX., Professional Papers, Second Series, I have shown that the Vehar Val- 
ley ylelds 8,600,000,000 gallons yearly, while from the Kennery Valley (including Toolsee) we may 
expect to obtain 3,000,000,000 gallons only. 

i These sums include about Rs. 35,000 yearly for maintenance and extensions, but I have, as before 
easumed that Rs. 1,55,000 will be obtained from the Vehar Works. 
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Be to raise one of 4} lakhs with 8} million gallons, If we obtained as 
much proportionately for the 13 million gallons daily as we now obtain 
from Vehar for, say, 10 million gallons, we should realize about 5 lakhe 
ef rupees per annum,—very nearly as mueh as we should require. An 
inappreciable increase in the charge for water would cover the smalb 
deficit of Rs, 25,000, and enable the Bench to balance expenditure with 
mcome. 

If, however, the project of 8} million gaNons daily from Tansa were 
earried out, the revenue we should obtain would be about Rs. 3,15,000,— 
er about Rs, 1,310,000 less “than we should require, This project, 
therefore, does not give us the prospect of financial success which the 

. other does. 

Being well aequainted, as I am, with the Bombay Water Works, and 
having bestowed particular attention on the subjeet, I am most emphati- 
eally of opinion that there is great room for improvement in the distribution 
of the water throughout the town, and that the scale of eharges should be 
revised. I have no hesitation in adding that, if the subject were taken im 
hand by a Committee, and new regulations enforced, the Bench weuld rea- 
lize nearly a lakh of rupees more than they do at present from even the 
Vehar supply, and that there would be really no financial difficulty im 
earrying out the Tansa Project for asupply of 13 million gallons daily. 
The revenue under an improved system would not only be sufficient to 
defray all charges on the debt, but would give a balance in hand for the still 
further extension of the Water works, when the time arrived for increasing 
the supply. 

My recommendations, therefore, to the Bench are :— 

Either to carry out the Kennery and Toolsee Prejeets for a supply of 
8} million gallons daily, or to carry out the Tansa Project for a supply of 
13 million gaHons. 

If the former be decided upon, the Toolsee main dam to be built at onoe 
—or, at all events, so as to admit of its being raised hereafter—to the 
height of 105 feet, so that the water may stand at 470 feet on datum, and 
a three-years’ supply from the valley be impounded, And the Kennery 
Dam to be built at once—or s0 as to admit of its being raised afterwards 
—to the height of 155 feet, so that the water may stand at 345 on datum, 
and a three-years’ supply from the lower portion of the valley may | 
pounded. 


“SUMMARY OF PROJECTS FOR “THE WATER-SUPPLY OF BOMBAY.” 377 


That, whatever is done now, “the fature as well as the present wants of 
the city should be borne in pind.”* 

That fature works should be, if possible, extensions of present ones, and 
not independent of them. 

That, in carrying out any high-level project whatsoever, it would be a 
great mistake net to command the Vehar Lake, so as te be able to keep 
it full whenever considered desirable. 

That, whatever reservoir be adopted, if the heights for the dams proposed 
by me be not approved, the dams be, at all events, built so as to be capa+ 
ble of being raised in the future to those heights. Thus the prospective 
supply would net be marred by any steps taken te relieve our own im~ 
mediate wants. 

That the water from every high-level reservoir which may be construct+ 
ed, be brought by conduit as near to Bombay as possible—t. ¢., to the 
Upper Koorla Reservoir, before being delivered under pressure. 

That conduits be adopted in preference to pipes wherever they are 
practicable, whether in open cutting or in tunnelling. 

That all future dams be of. masonry, and constructed according to the 
principles laid down by Mr. Rankine. 

That an experiment be made regarding the practicability of rock 
syphons, 

That an experiment be made to ascertain to what extent the tempera- 
ture of the water in a main exposed to the sun would be effected, and, if 
the temperature be not affected so as to render the water practicable 
warmer than it would be in a main under ground, that all pipes laid down 
hereafter for the supply of Bombay be placed on standards above ground, 


H. T. 


* These are the words of the Commission on the Wuter-Supply and Drainage, of which Mr, Séobl 
was President. 
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No. XCIII. 
THE CANAL OF MINIMUM COST. 


By A. G. Murray, Esq., C.E., Hrec. Engineer, P. W. Dept. 


Para. 576, of the “ Roorkee Treatise on Civil Engineering” opens up an 
interesting problem, viz. :— 

Given data. 

Slope of country, 1-2500, or °4 per 1000 feet. 

Velocity of stream allowed, 2:5 feet per second. 

Discharge of water 5000 feet per second. 

Height of tow-path above water,‘2 feet. 

The question to be solved is, how can this canal be made cheapest ? 

As shown in para. 576, the most economical case is when the bed and 
surface of the country have the same slope. 

Referring to Neville and omitting small fractions, we find that when the 
slope is 1-2500, the hydraulic mean depth is 2 feet. V being = 2:5 per 
second. The bottom width of a canal discharging 5000 feet per second, 
at a velocity of 2:5 feet per sscond, when the depth is 2‘ feet in 997 feet. 

Now this certainly looks very impracticable, and probably a en- 
quiries have stopped at this point. 

We will, however, work the question out. 

We will assume the cross section of the canal to be thus— 





the cutting in the bed required to make up the banks is 0°16. 
The area of the bank is 159-42 square feet, area of cutting, 159-558, 
which is near enough, practically. Then the earthwork required per 5000 
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feet run of canal lineal is only cubic feet 797,100, at Re 8 per 1000 cubic 
feet == Rs. 2391°8. No falls at all are required. 

The bridges for village roads are not absolutely needed, as scorle and 
cattle can easily ford a stream only two feet deep. Bridges for main 
metalled roads would probably not be needed oftener than once in twenty 
miles, and would generally add Rs. 500 per mile when distributed over 
the total length. 

The formidable item is the land taken up. 

Now, it happens that in most of the districts where new canals are 
proposed, the land is almost a desert, and is worth next to nothing. 

The area taken up is acres 126-26 per 5000 feet forward of the canal. 
In many parts of the Punjab, desert land is not worth Rs. 1 per acre, but 
suppose that it is worth Rs. 50 per acre. 

The cost of land per 5000 feet forward of the canal is then Res. 
6,818. We then have per 5000 feet forward of canal— 





RS. A. P. 
Land, at Rs. 50 per acre, .. ae or eo» 6313 0 0 
Earthwork, ee ee oe ee ee ee 2,391 8 0 
1-20th share of a bridge, .. oe oe es 500 0 0 

Total Rupees, «» 9,204 8 0 





When the land is bad, as most of it is, this will be reduced to Rs. 
8,000 per 5000 feet run of canal. 

Now, considering that there are forty or fifty million acres of desert in 
the Punjab, taking up a few thousand acres in extra width of canal, is 
hardly a series difficulty, when we can make a canal for Rs. 3,000 per 
canal mile, The objections to this scheme are evaporation and silt banks. 

lst. Evaporation.—As the air must be brought to a tolerable state of 
saturation, say 0-5 full saturation, corresponding to the temperature, it is 
a matter of indifference whether the evaporation takes place off the canal 
surface, or off the field, the necessary point of saturation will be reached 
either way. 

The greatest registered evaporation is 8 cubic feet per 1 square foot 
per annum. In the case of a canal 100 miles long, mean width of water 
surface 250 feet, supply 5000 cubic feet per second, the loss by evapora- 
tion in the year is equal to the flow per hour 55:55, or an annual loss of 
0°64 per cent. of the supply. 

Qnd. Silt.—This and weeds would probably give trouble, but the cost of 
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clearance would hardly exceed Ra, 100 por mile, enmuntly; if Hhetanhed this 
Now, considering that canals of this sise to deliver cable feet 8000 per 
second, generally oust Rs. 50,000 per mile, there is — opening 
for economy. tae 
When we get further down the country, the clans slope will Siieees 
1-5200, or so, and assuming the same discharge and velocity, the hydraa- 


lic mean depth becomes 4 feet. 
Bottom width, 494. 
Height of tow-path above bed, 7 feet. 
Depth of cutting required to balance banks, 0°68 (area 811 81). 
Earthwork per 5000 foot ran of canal, cubic feet 1,559,050, at Ra. 8 
per 1000 cubic feet, Rs. 4,677. . 
A bridge would be necessary, say once in five miles, add Rs. 1000 per 
mile to the cost. 
But, as in practice, the canal gets narrower as we go down, so shorter, 
and shorter bridges will be needed; but we will assume the bridges to 


cost Rs. 500 per mile. 
The land down at the low end of the canal is worthless, but we will 


add Ra. 50 per mile. 
We now get, per mile— 





RS. A. P. 
Earthwork, .. ‘i oe ‘s os 4677 0 0 
Bridges, e¢ ee os eo ee 500 0 0 
Land, .. ee oe ee ee ee 50 0 0 


Total Rupees, ee 5,227 0 0 

Now, as only 1th of the total length of the canal can be calculated at the 
higher rate for land, we get an average cost per mile of Rs. 6,022. Now, 
if any one interested in this problem will refer to the canal Reports of late 
date, he will see a considerable margin. 

Navigation is not specially provided for, flat boats can go in 1°5 feet of 
water, and if any large traffic arose, it will obviously be cheaper to make 
a light railway for it than to make a canal 6 feet deep with falls on the 
usual pattern. If any one can show how to deliver 5000 cubic feet per 
second at a lower rate per mile, it is to be hoped he will give the public 
the benefit of his ideas, i 

If, however, a uniform depth of water of 6 feet is insisted on, falla 
must then be used. The cheapest way to adopt falls is to use a fall which 
shall check the ots viva of the water, without entailing heavy earthwork. 
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“By. tolling -owt:-the sotual quantities, we find that by using 4-feet falls. 
‘faatead of the neual 8-feet fall, we reduce the earthwork to about one, 
half, and as the momentum to be resisted by the floor varies as 84/7, all 
the work is much lighter; these 4-feet falls will usually come once in, 
three miles instead of an 8-foot fall once in six miles, and can at s 
very small additional expense be used as bridges. In the last Sirhind Canal 
Report, the momentum to be resisted is understated, the water falling over 
an 8-feet fall will strike the surface of water in the lower basin with a 
velocity of 25 feet per second, not 6°6 as stated, this is only the velocity 
on the crest, not the final velocity. It is obviously a great objection to 
have to resist water falling with so great a velocity. 


Bisect AB at }, and BC at d, the 


r triangle ABC = twice the area of the 
3 two small triangles Adc and cdC. 

AB represents an 8-foot fall, Ad and 
gs ed two 4-foot falls, 


It is extremely doubtful if the cisterns adopted by Colonel Dyas, below 
falls have an effect in reducing the action of the water. In the Ganges 
Canal and Bari Doab Canal, we find pools 45 feet deep below the falls, in 
addition the level of the bed for many miles has been lowered 7 feet by 
scour, this represents the work done by the force called into action by a 
series of falls, 

The papers written on this puede, appear to treat water as a solid, 
when a solid falls on a plane at right angles, supposing both to be abso- 
lately hard, the motion is then converted into heat. 

But in fluids the pressure acts equally in all directions. A familiar 
example is the splashing of a rifle bullet on an iron target, though lead is 
far from being a perfect fluid. 

In the same way when water falling strikes water in a lower basin, 
most of the force is expended in driving the water out of the basin; and, 
as shown in Col. Dyas’ diagram of a fall, this causes the water in the 
basin to rise up till the head is sufficient to produce a discharge equal to 
the supply, and as the lower end of the basin is the same area as the 
canal, an intense scour takes place there, as the bed is not firm enough 
to atand this velocity. Of course some force is expended in overcoming 
the friction-of the water in the basin, but this being smooth brickwork, 
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only a small fraction of the force is expended in this way, and most of it 
is expended in diggifig holes and scouring out the canal bed. 

Probably the best way to use friction to reduce the velocity of the water . 
falling would be to pass it through a series of gratings, about nine inches 
apart, the lowest grating being a foot below the surface of the water in 
the lower basin, these would prevent the velocity accumulating above four 
or five feet per second, and so save the necessity for the very heavy founda- 
tions now used, and enable us to dispense with the cistern, a very serious 
objection to which is that the necessary foundations generally go below 
the upper clay beds, and expose the silt bed underneath, thus entailmg 
the necessity of well foundations at a very great cost. Thus showing. 
that by using 4 feet falls we can save half the expense of earthwork, reduce 
the cost of masonry, and have a canal much less likely to fail in the foun- 
dations of falls and locks. 

There now only remains the dam question—are dams really needed at all? 

Their enormous cost is, in many cases, sufficient to forbid the construc- 
tion of a canal in certain places where stone is not available. General 
Strachey and the late Colonel Anderson differed on this point. General 
Strachey, whose report on the Lower Sutlej and Indus was written after 
Col. Anderson’s, believes that it is quite possible to keep a large canal run- 
ing without any dam at all. The great objection to a dam, putting eost 
aside, is that it checks the velocity of the stream, and throws down silt, 
a large portion of this silt goes into the canal. Neither General Strachey 
nor Col. Anderson investigate the cost of keeping such a canal open by 
means of a fleet of small dredgers. As shown by both these eminent en- 
gineers, all the silt is deposited at the head of the canals, suppose we have 
to dredge out a channel of the following sizes annually, viz., 3 miles long, 
300 feet wide, and 8 feet deep, we have cubic feet 36,000,000, at Rs. !0 
per 1000, which is a very high rate, seeing the silt has only to be raised 
8 feet, we have an annual cost of Rs. 3,60,000, whereas a dam is put at 
the minimum of £1,000,000, the interest on this at 7 per cent., is Res, 
7,00,000, or nearly double the cost of dredging out a new channel annually 
3 miles long; though we have charged the dredging at an excessively high 
rate, in fact double the estimate rate on the Sirhind Canal, and where the 
cutting is 80 feet deep, and dredging is not practicable. 

Probably the best atyle of dredger would be quite a small, cheap affair, 
of about 10-horse power, drawing 3 feet of water. As soon as the river 
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began to fall, the fleet of dredgers should commence work, and if properly 
managed,-should be able tq excavate as fast as the water fell, and so aie 
the stream running constantly. 

Similar small dredgers are used with success on the Madras Canals. 
In the case of the Ganges Canal it was necessary to have the head close 
to the hills, but in the case of the irrigation of the Punjab and Sind deserts, 
the canal heads may be a hundred miles lower, as there is plenty of desert 
at a suitable height, and we can then avoid the enormous cost attending 
canals, when the head is close to the hills, 


A. G, M. 


VOL. I.—=-SECOND SERIES. 


$84 DISTRIBUTION OF CANAL WATER. 


No. XCIV. 


DISTRIBUTION OF CANAL WATER. 


[Sep Paper. Vide Nos. CLXVII. ayy CCXI. or Finst Senizs]. 
[Vide Plate No. LIX.] 


By E. A. Sisotp, Esq., Hrec. Engineer, Sirkind Canal. 


Rupar, June 28th, 1878. 
In the Punjab, the bulk of the irrigation is on extensive plains, where 
alignment of Rajbuhas may to a great extent be subordinated to conveni- 
ence of revenue arrangements, without committing a serious Engineering 
error. Moreover, there is such a dry atmosphere here, that high level Raj- 
buhas would not cause malaria, and for economical distribution, the high 
level Rajbuha is the best. In constructing Rajbuhas, most of the errors 
have been due to designing them, more as carrying than as distributing 
channels. In addition to mechanical, there are revenue, difficulties about 
the employment of meters. 
The mechanical difficulties are— 

1. Uncertain and usually very small head of water available. 

2. Outlet working submerged, and rarely with a clear fall. 

8. Silt and drift clogging moving parts, and altering dimensions 
of orifice. 

The revenue difficulties are— 

1. Cost of construction. 

2. Great risk of meter being tampered with by irrigator or his 
enemies. The cost of protecting a mechanical novelty in an 
outlying field being more than its worth. 

8. The meter gives no data for apportioning supply, to demand. 
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4. Water is so bulky compared to its price in irrigation, that ma- 
thematical accuracy is out of place. Rough approximation, (as 
in collecting tolls on the tonnage of ships,) is all that is finan- 
cially possible. In 1865 I found on one Rajbuha that Govern- 
ment realized one rupee for each 40,000 cubic feet supplied to 
rice; the rates have been raised since, however. 

The water supply of towns is worked under entirely different conditions. 
As regards bulk, water is much more valuable for domestic purposes ; it 
is delivered with a great head of pressure, requiring only small sections 
of pipes, and where meters are employed, they are in places of safety. 

The conditions of canal irrigation are similar tv those on which land 
revenue is assessed. Government has to relinquish some part of what it 
could fairly demand, because the cost of dealing with each individual case, 
would not be compensated for by the additional revenue obtained. It 
has to work on averages. Both are affected by the seasons, the diverse 
peculiarities of the soil, the rights of those who have a lien on the land, 
and the skill and energy of the cultivator. It is possible to provide each 
village with one or more small tanks, (in fact artificia] artesian wells,) and 
there appears to be no objection to leaving the further detail of the 
distribution to the villagers themselves. 

All who have attempted to solve the question appear to have aimed at 
securing a uniform discharge only. Even if such a contrivance was in- 
vented and adapted to ali cases, would it be of any use? Given such a 
module, can we dispense with area measurements? Even the module that 
enables the charge for water by bulk to be made will not answer all pur- 
poses, because we not only want to ascertain the amount due from each 
irrigator, but also how to apportion the supply, so as to obtain the great- 
est benefit. It is therefore necessary, to consider the following points :— 

1. The available supply during a given period of time. 

2. The demand during the same period of time. 

8. The plans proposed for effecting the distribution after a compari- 

sion of supply, demand, and probable rainfall. 

CasE No. I.—The supply available during a given period of time. 

The supply that can be obtained from the river at any time of the year 
may be ascertained beforehand, the supply to each division will be pro- 


portioned to its wants, except when a drought requires that food crope 
should have precedence. 
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Casz, No. II.—If an irrigator waa called upon to state the number of 
hours his outlet should be open to irrigate hie fields, he could give a 
fairly accurate answer. It is snpposed that he would be told that he 
would have to pay a fixed sum per hour for the number of hours he stated, 
to prevent exaggeration, and to prevent overesution, on the other hand 
that he would not be allowed to keep it open for one minate longer than 


the time he specified. 
Take the case of a chokidar having charge of a length of Rajbuba on 


which there are outlets and methods of distribution on standard plans, 
there is no difficulty about his preparing s form of the following descrip- 


» e e 
tion periodically. ; 
Foam A. ae ae ee eee 
i : t - ee ‘ : a f ji 
The demand during the same period of time. [ee 
ae ‘y 7 ' ca a he My : 
Sor 6 wa _ wt aoe ‘ 
oo Raiwind. 


Rajbuha, eee ose eee eee oes eee 
Chokie, yy a yy ee.) ee yy | | er | 





Lift Irrigation. 
Pattern No.1, .. 
» No.8, oe | oe oe ve oo © c., &e. 
Flow Irrigation, 
Design No. 1, .. 
» No. 2, oc] oe oe ee o |[&e., &e, 


Total oe ee F 





Columns Nos. 1, 2 and 8 being filled in by the chokidar after he has 
ascertained from the irrigators their probable wants; column No. 4 in 
the canal office, and No. 5 by the official entrusted with the minor dis- 


tribution. 
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Supposing these returns were made out for a ten day’s supply, they 
might be written up, forwarded by, and returned to the chokidar during 
the previous ten days. 

On this return would also be shown by the canal office 

‘ Cubic feet. 


Total supply for Rajbuha, .. se 46 ea 0-000 
Deduct supply to this, and up-stream chokies, sé a 0°000 


Balance for down-stream chokies = ¢ = 6-000 
where « corresponds to depth of water to be maintained during this period 
at the tail of this chokie. This | gauge reading being also entered by 
canal office. 

Tho chokidar would find no difficulty ghatevee in making out this 
return, because the Zemindars soon find out the work their Mogas can 
do, and can state pretty accurately for what length of time they want them 
open. Yet as they could not state their wants in figures, the entries here 
made are based on the average discharges of the different descriptions of 
outlets used. his local knowledge and the fact that the men most in- 
terested are consulted, would be more trustworthy than any theoretical 
methods of determining the demand. 

This return needs only a chokidar of ordinary intelligence, and the rest of 
the work being purely mechanical, can be done by a smal! number of com- 
puters for a whole canal. If there is an objection to giving the duty of 
making out returns of the demand to the chokidar, certain days might be 
@ppointed on which passes for water would be issued at certain chokies 
along main canal, either by Assistants, Darogahs or Zillahdars. 

The returns could be made up from the countertoils of these passes or 
cheques. A small fee being levied on them. 

Before filling in column No. 5, it may sometimes be necessary to 
consider the consequences of unforeseen changes in the weather, and to 
calculate 

1. Probable expenditure, weather being average. 

2. es ‘s extremely wet. 

8. 2 99 » ary. 
When there is a continuance of dry weather, as in the khureef of 1868, the 
canal may have to supply water for maturing crops that were sown in thé 
expectation of a good rainfall. Again wet weather is often followed by 
extensive sowing, for which the canal may be afterwards called upon to give 
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water. But acareful analysis of the returns compared with the indications 
of weather and statistics of previous years, would enable us to make 
the most of the canals, to lessen the expenditure where it could be 
done without injury, and to withdraw aid where things had become 
hopeless. 

Practically only cases of very exceptional rainfall or drought will dis- 
turb seriously the calculations—with area measurements, irrigators are 
tempted to over-irrigate their crops, and the range between the maximum 
and minimum supply that will mature a crop is considerable. 

Then again putting it into a different form, some irrigators will require 
water for 

1. Certain irrigation—1. ¢., crops altogether dependant on canal water. 
2. Uncertain irrigation—crops sown after, or in expectation of rain, 
but from continued dry weather requiring aid from the canal. 

And it would not be fair to the canal to allow the same water-right in 
both cases. In certain irrigation, a failure of the crops through want of 
water justly entitles the owncr to a remission of the water taxes, and even 
to compensation, provided he can prove that he gave his certain precedence 
over his uncertain irrigation in all cases when the supply was not equal to 
the demand. In uncertain irrigation, however, it should be the irrigators 
own gain or loss, and the precaution will prevent cultivators from gamb- 
ling, as it were, on the chances of very favorable weather, and rushing to 
the canal at the last moment for assistance. In making up his indent, a 
chokidar should separate his certain from his uncertain irrigation. 

As our knowledge of meteorological laws advances, so will errors on 
account of variations in the state of weather decrease. It would not be 
folly to look forward to reaching such exactness after yeats of experience 
that, so far as the control of the water was concerned, canal arrangements 
might be worked by formule. The facts deduced from such data as these, 
would be more trustworthy than the conclusions arrived at after a hasty 
gallop through a plot of irrigation with preconceived notions of what its 
requirements are. 

Casz, No. II].—The plans proposed for effecting the distribution after a 
comparison of supply, demand, and probable rainfall. 

The destination of every cubic foot of the supply having been determined; 
we have now to consider the best way of forwarding it to its appointed 
place, and this case will therefore embrace— 
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A. Distribution to Canal Division. 


B. ” ” Rajbuhas. 
C. 3 » Rajbuha chokies. 
D. : »» each estate. 


Distribution to Canal Division.—It is not necessary to do more than 
refer to a Circular of the late Lieut.-Col. J. Dyas, in which he has pointed 
out in great detail the arrangements for the distribution to Divisions. 

It was for reasons stated in this Circular that the 10 day periods were 
adopted. 

Distribution to Rajbuhas.—It is necessary to show first, that it is quite 
possible to give the men in charge of Rajbuha Heads such simple instruc- 
tions and apparatus as will readily enable them to find out the exact 
discharge at all times, notwithstanding constant changes in the earthen 
channels from silt deposits, so that when ordered to send down a certain 
number of cubic feet per second they can do so. 

The object sought for is some mode of registering data from which the 
discharge can be deduced by formule, which give the nearest approxima- 
tions. In ordinary rajbuha channels we find (through the deposition of 
silt) their wetted perimeters, areas and longitudinal slopes changing their 
relative values daily, and therefore cannot easily obtain reliable data for 


the formula 90 A / =; but given a rectangular orifice, submerged or 


otherwise, with an appreciable head of water, and we obtain data. The 
gauge keeper, or guardian of the head, by merely noting the difference of 
level in supply and distributing channels, and the dimensions of the orifice 
gives us all thé data necessary in calculating the actual discharge, and 
these data are reliable, so long as there is a sufficient head of water to pre~ 
vent silt from actually heaping up in the orifice itself. 

The objection to this arrangement is that we can never send down as 
much as the rajbuha will carry ; we must always reserve a certain head to 
ensure the accuracy of the data. Most rajbuhas after silt clearance, how- 
ever, work for some time with the level of water lower than the canal, and 
the gradual diminution of this difference would afford an indication of 
when it was necessary to clear off silt again. 

The data for calculating discharges over weirs can be as easily registered 
as in the case of orifice, but the following formule for discharges in uniform 
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channels, through orifice, and over weirs, show at a glance the superiority 
the two latter have over the former. 


For Channels D = C, 4 = 


» Orifices D =O, A VJ TLig.h 
» Wers D=O,AR/TL gk 

Here in the case of earthen channels, subject to incessant change from 
silt deposits, there is not a single factor we can rely upon without obser- 
vations in each particular case. 

In the other two any man who had learnt to write can register the 
data; and if supplied with tables, make use of them too. 

A gate moved up and down in grooves would represent this rectangular 
orifice. The man in charge of the head is supposed to be able to ascertain 
from his table whether the reading on the gauge and the height to which 
the gate is lifted give the discharge ordered. 

A Table drawn up in the following form could be explained to him, and 
he could be taught that the difference of the up and down-stream gauge 
readings is the head of water. 

Form B. 


Depth of orifice, B, ¢. e., height to which gate is raised. 


Head of Water. 
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It will be also necessary to have means of tabulating the discharge for all 
depths at other points, beside the head, on rajbuha: and these points are 
Escapes—Tail falls—Above irrigating chokie—Below irrigating chokie, 

As after the first few miles we scarcely ever find much bed silt in a 
rajbuha, a simple bar of masonry, 1 foot high, built on the floor of a bridge, 
would act as a weir, and with gauges up and down-stream suffice for 
registering the discharge of these points. A weir will suffice here because 
no regulation is required, but merely means for ascertaining the dis- 
charge.* 

Distribution to the various Chokies on a Rajbuha.—Under the present 
system a chokidar has to look after from 4 to 8 or 9 miles of irrigating 
channel, and instead of his attention being confined to a periodical inspec- 
tion of the points from which water is drawn from the rajbuhas, he has to 
find out to what purpose and to what field each man applies his share, 
and to get each detail he has to traverse the country in all directions. If 
there are 40 outlets in his beat, there will be, including branches, proba- 
bly 80 miles of petty channels. 

Beyond guesses based on limited personal inspection, there is no guide 
to indicate what measures should be taken to ensure the best results, and 
at critical seasons of the year individual irrigators suffer and all lose faith 
in canals. Itis evident that if we withdraw from all interference with 
the way in which the water is used, and limit ourselves to the issuing of 
it from our channels, that the grounds for numerous offences now com- 
mitted will be renoved—most of the existing evils can be avoided by 
a centralized system of distribution, in which the chokidars, unless gifted 
with great powers of calculation and combination, cannot help being in- 
voluntary modules. 

The problems are—X is the available supply for a rajbuha during 
certain ten days, &c.; x, y, 9, &e., the cubic feet to be expended in each 
chokie on it. We have now to consider how the quantities z, y, &c., can 
be distributed, so that a chokidar cannot take more or less than the 
quantity assigned to him, and by what means we can do away with the 
necessity of his stirring a yard from the rajbuha banks on duty; also, 
taking the first chokie on a rajbuha, how it-can be ascertained whether a 
chokidar is passing on to the chokies below the quantity (X — «). © 

The amount of detail in the present system is owing to no grouping of 


* The error from disregarding velocity of approach would not be large. 
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special cases under general heads, and we cannot undertake to register 
the quantity supplied to each irrigator, unless they are reduced to » 
system, and the present practice of putting in Mogae at all points of the 
channel discontinued. We have 

1, A number of Mogas and shareholders. 

2. Fluctuations of the water level in rajbuha. 

8. Time. 

The number of outlets and fluctuations of the water level are not so 
important as the regulation of time, and this the chokidar can only do 
when the outlets are grouped together, and in this way admit of.constant. 
supervision. 

The distributing arrangements proposed are as follows:— 

1. The bulk of the supply from a point conveniently situated for easy 
command of the less scattered portion of the irrigation. This also being 
the head quarters of the chokidars, and usually placed where the lands 
are above the bed of the rajbuha, and therefore net admitting of aclear 
fall from the outlets. 

2. By self-registering meters at places where there is a clear fall at 
all times. 

8. In some cases from convenient points in the Jands of important 
villages, supposing the men fit to be entrusted with the management 
of the details of the distribution, the chokidar merely noting the gross 
amount supplied. 

4. The remainder to machines for raising water. 

The chokidar would prepare lists of the irrigators and the quantities 
to be supplied to each during a certain ten days, grouped under the four 
methods of issuing the water. 

Besides serving out water, the chokidar must be able to ascertain 
whether he is receiving his allowance, and passing on the quantity order- 
ed to the chokies below. 

This he can do by observing the head of water at the weir at the tail 
end of his chokie, and looking up the discharge from his table. 

Distribution to villages and to individual irrigators.—The steps neces- 
sary to determine the supply to each canal, each rajbuha, and each chokie, 
or beat having been given, it is necessary to determine how the extent” 
and level of the irrigated plots will affect our distributing arrangements, 
i.e, we have to give the means or appliances which will enable the 
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chokidar to divide the quantity (X — 2) among the irrigators whose land 
lie along his bit of rajbuba. 

The water may either be suld wholesale to bodies of irrigators, or retail to 
individuals, At present even there are numbers of men not shareholders, 
who by being connected with some one who has shares, or by paying a 
certain tax to the chief shareholder, manage to obtain canal water. 

By extending this system, we may in most cases reduce the number 
of shareholders by retaining only representative men, who, would also 
arrange for the irrigation of all those connected with them in any way. 
If we bear in mind the various customs existing in every village, this 
system would appear to be the best suited for natives of Upper India. 
So far as the internal economy of villages is concerned, they are almost 
self-governing. Government will be also at liberty to enter into contracts 
for the constant supply of water—v. ¢, men could purchase the right of 
the use of an outlet for specified days during a crop, all the water sup- 
plied in this way being entered in the returns as certain irrigation. 

The simplicity of the arrangements depends entirely on the description 
of country the rajbuha runs through, and this fortunately happens to be in 
their favor, for nearly all rajbuhas traverse extensive plains, and these being 
nearly on a dead level, afford every facility for massing the irrigation outlets 
at a few, instead of at numerous points on the channel. Besides the country 
being a new one, we have not in most cases to suit our arrangements to 
the state of things existing, but the circumstances developed in time to 
come, will accommodate themselves to the network of irrigating channels. 

In the sketch, (Plate LIX.,) the plots of irrigation A, A, A are sup- 
posed to be above the level of full supply in the rajbuha, and therefore 
require the aid of machinery. The plots B, B, B below full, and above 
low, supply, and the plots C, C, C below the bed of rajbuha, so that the 
smallest trickle would run on to them. 

The distribution of the bulk of the supply from the head-quarters of the 
Chokidar.—A point could be selected on the channel, so as to be convenient 
for the supply of water to the irrigated plots B, B, B. Should it also 
command parts of the plots C, C, C these portions also might take their 
supply direct from the chokidar, and in such cases meters would not be re- 
quired. For the details of this, vide Paper Nos, CLXVII. and CCXI. of 
the “ Roorkee Professional Papers on Indian Engineering, ” [First Series}. 

Those portions not lying close to the chokidars, but being provided for by 
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Plan No.2. Self-registering meters at places favorable to the intro- 
duction of Mechanism, 1. ¢., where the fall from the outlet is sufficient to 
do away with any chance of their being any back water to stop the mov- 
ing parts. These waters might either be simple orifices with a uniform 
discharge, or clock-work arrangements, by which the sum of the veloci- 
ties could be recorded, the shareholders arranging their turns and times 
among themselves, exactly as they do now with the ordinary “ Moga.’ 
Any of the following contrivances might be used:— 

A. Meter noting sum of velocities. 

B. Meter—an intermediate chamber the water alternately rising 
and falling. The number of risings and fallings being noted, 
and the discharges deduced therefrom. 

C. Meter with uniform discharge and time opened registered. _ 

Besides these, other contrivances are possible, because the conditions 
are restricted and well defined. 

This plan of dealing with a chief irrigator may be extended, so as to 
permit of our dealing with whole villages as in,— 

Plan No. 3. Distribution in some instances from convenient points in 
the lands of a village ; the trrigators being entrusted with the details. —Sup- 
pose @ village possessed a spring of water, or an artesian well supplying 
enough water for the irrigation of its lands, there is no doubt but that 
the villagers would soon adopt customs suited to the sharing of its bene- 
fits fairly, and that the calling in of Government to act as distributor 
would be the last thing thought of. 

It would simply be an extension of the present share-system in the 
case of well irrigation. Practically we can in nearly every instance place 
on the lands of a village this spring or artesian well. 

The simplest arrangement would be a small tank (say 16 feet square), 
built on the highest spot in the village lands, and provided with numer- 
ous orifices of the same size and at the same level; this tank being connected 
by a channel with the rajbuha at the chokidar’s hut, where there would be a: 
regulator to maintain a constant head of water. The discharge through 
each orifice being the same, we know that if 8 men were taking water at 
the same time that each should be charged for one-eighth of the supply 
registered by the chokidar. 

In large villages there might be one of the tanks in each lumbardars 
“patti.” 
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We have now to provide for raised irrigation, which is but an insig- 
nificant portion, 

Pian No. 4. Distribution to machines for lift trrigation.—Nearly all 
the water for lift irrigation on the Baree Doab Canal is lifted by Jhullars, 
‘and they have 

1. A single line of pots, small size. 
2. ” ” large ” 
8. <A double line of pots, small ,, 
4, - » large ,, 

As all these are worked by bullocks, the angular velocity is about the 
same in each instance, so given the number of revolutions, and making 
allowances for spillage, the quantity raised is easily calculated, a record of 
the revolutions might be kept by a meter attached to the driving gear. 
A fixed sum for each description of machine charged by the day or by 
the crops would probably be most convenient. This is done on the Mal- 
tan Canals. 

As Jhullars for small lifts are by no means economical, enterprising 
irrigators might be induced to. set up any of the following, the driving 
gear being the same as it is now :— 

Scoop wheels, with mechanical register. 

Cellular __,, ‘i 5 

Tympanum ” ” ” 

But whatever machine is used, it must belong to some class, before the 
returns of the demand can be made out. 

In a few words to ensure a judicious distribution of the supply and re- 
liable measurements of the quantities issued to each irrigator, it is only 
requisite to have— 

1. Returns of the demand. 
2. Simple arrangement (common sluices) at the heads of rajbuhas 
to regulate the supply. 
The massing of the outlets at convenient points. 
Village tanks and meters, the latter not actually necessary. 
A classification of the machines used for lifting water. 
6. Tables of discharges. 

With reference to the determination of the supply, it must be borne in 
mind that a certain percentage will be lost by absorption, and a portion 
in its passage from the head of the canal to the rajbuha, The loss from 


ee 


$96 DISTRIBUTION OF CANAL WATER. 


absorption will vary indirectly as the velocity, and directly as the depth 
and porosity of the bed, but the effect of the velocity and depth on the re- 
sults will be scarcely appreciable. 

The loss from absorption in village channels is much greater, both be- 
cause they are alternately wet and dry, and for a given quantity of water 
sent down have usually much traceder channels. But the loss would not 
affect our measurements because it takes place afterwards. 

The introduction of payment by volume may induce the cultivator to 
supplement the canal supply by every drop of water they can procure 
elsewhere, such as from tanks, wells, &c. In times of drought, like 
in 1868, enhancement of the water rates would make men work their 
wells more in districts where the springs were close to the surface, and 
thus enable us to give greater assistance to tracts where it is not possible 
to get water from any other source but the canals. 

There are serious objections to enhancement of the rates at any time, 
but in times of great need, it might be the best way of meeting the de- 
mand, and to be preferred to “ tateeling”” long lines of channels, for We may 
be sure only those will take at the higher rates who would otherwise suffer 
severely. 


EA. S. 
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No. XCV. 


FAILURE OF THE PUENTES DAM. 


[Vide Fig. 7, Plate VII., Nos. LXVIIL., Second Series, Professional 
Papers on Indian Engineering (February, 1873)]. 


By Cart C. E. Suuruunn, B.S.C., Assoc. Inst. CL. 


In Number VII., Volume IL, published in February 1873, in a Paper 
No. LXVIIL., entitled “ Masonry versus Earthen Dams,” by Major Hec- 
tor Tulloch, R.E., there is what I consider an error on the part of the 
author of the paper, to which I would beg to draw attention. 

To the Engineer failures are more often productive of useful lessons, 
than perhaps are successes, and to have an incorrect notion of the cause of 
a failure, doubtless would lead to wrong conclusions—it ts to correct what 
I consider an erroneous notion in Major Tulloch’s paper, that I am induced 
to write this Article. After enumerating the first two causes of how a 
masonry dam gives, Major Tulloch goes on to state the third cause by say- 
ing, ‘* Every dam that has been destroyed hitherto has crushed in from 
its own weight :” and goes on—To look at the dam of Puentes, vide Plate 
VII., Fig. 7, one would at first be induced to think that such a cyclopean 
structure would almost have answered to stem the tide between the 
Pillars of Hercules. But what is the fact ? The giant succumbed not 
from the thrust of his adversary, but from his own weight. In fact 
he was too heavy for his work. The ground literally could not sustain 
him, and in 1602 he was hors de combat.” 

So far for Major Tulloch’s description of the failure of the dam at 
Puentes. Allow me now to quote from a French work (full of interesting 
information to any Engineer, more especially to such engaged on River 
or Dam Irrigation Projects, and which goes most carefully and complete- 
ly into the various dams and canals constructed in the South of Spain), 
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entitled “ Irrigations du Midi de l'Espagne, par Maurice Aymard, Ingeni- 
eur des Ponts et Chausseés:” from pages 254 to 259, the author yives a 
complete history of the commencement, with a detail account by an eye- 
witness of the failure of this dam. I must endeavour to condense and 
translate the same, I give no dimensions of the dam itself, as these can 
be got from Major Tulloch’s papers and plans. ‘The dam was built be- 
tween the years 1785 and 1791. It was in use for eleven years, and was 
destroyed on the 50th April, 1802. The two banks of the river across 
which the dam was made were of rock, but in the middle of the bed, 
the rock did not show, and there is nothing but sand and gravel. It was 
considered that it woyld always be possible by a drainage channel to lay 
bare the junction of the two rocky sides across the bed, and the project 
was drawn up on this hypothesis. During the course of construction, the 
means of drainage employed could not keep the excavation in the grave] 
dry; a sounding taken showed no rock at a depth of 7:5 metres (246 
feet). They then took the fatal resolution to found on piles across 
the whole of this weak space, and piles accordingly of 6-7 metres, (22 feet 
nearly) were driven in guincunz, and bound together with cross pieces 
and the heads of the piles which projected well above the level of the 
cross pieces, were buried in the thickness of the foundation masonry which 
was only carried down 2:25 metres (7°38) feet into the gravel. This 
pile work was carried down-stream from the dam for a distance of 40 
metres, 131:2 feet. This was also covered with masonry 2°25 metres in 
depth, and formed an apron to protect the bed from erosion from the 
waters, whether brought out by the discharge or scouring sluices. 

“ This foundation was not thoroughly defective, and would perhaps have 
lasted for ever, had the barrage been of less height, say for instance 20 to 
25 metres (65'6 to 82 feet). The proof of which is, that it worked for 11 
years, a space of time during which the rain was never sufficient to raise 
the waters more than one-half the height. But on the 30th April, 1802, 
the water rose to about 47 metres, (154°16 feet), and the foundation gave.” 

Monsieur Aymard then proceeds to translate the account of an eye-wit- 
ness, which I also condense. 

“ About half past two on the afternoon of the 80th April, 1802, it was seen 
that on the down-stream side of the barrage towards the apron, water was 
issuing in great quantities in bubbles extending in the shape of a palm 
tree, and of an exceedingly red color. About three o’clock, there was an 
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explosion in the discharge wells that were carried through the barrage from 
the top to the bottom, at the same time the water escaping on the down- 
stream side increased in volume. In a short time, a second explosion 
was heard, and enveloped in an enormous mass of water, the piles, cross, 
and other pieces of wood that formed the pile work of the foundation, and 
the apron, as well, were seen to jump out. 

- Immediately after, new explosion, the two big gates that shut the 
scouring sluices, and the intermediate pier fell in, and at the same instant 
escaped a mountain of water in the form of an arc, frightful to see, and 
which was of a red color like fire, caused either by the mud with which it 
was charged, or by the reflection of the sun. The volume of water which 
escaped was so considerable, that the reservoir was emptied in the space 
of one hour. 

“The barrage now presents the appearance of a bridge, of which the 
abutments are the work founded on the hill sides, and of which the open- 
ing is about 17 metres broad (552 feet) by 33 metres high (1084 feet).” 

I will now quote Monsieur Aymard’s conclusion from the above: he 
says— | 

“The account we have just written is as clear as possible, and leaves 
no doubt as to the manner in which the barrage was carried away. 

‘Tt was neither an overturning of the masonry, or an undermining in 
the ordinary sense of the word, it was a violent expulsion of the sub- 
soil caused by the pressure of the waters.” 

In the above conclusion, I agree with Monsieur Aymard. The weak 
soil was blown out by the pressure of water at the back of the dam, at the 
time there was 33-4 metres (1094 feet) depth of water, and 13:4 metres 
depth of silt (44 feet nearly). 

I think the clear account given in Monsieur Aymard’s book, points out 
the cause of failure, viz., the foundation piles, sub-soil, &c., were blown out 
by the pressure of the water, and that failure was not due as ascribed by 
Major Tulloch to any settling of the sub-soil under the mass of masonry 
that it supported, a view which is also negatived, by the fact of its lasting 
eleven years intact, and only succumbing when a heavy water pressure 
bore against it. 

The wish to prevent an erroneous conclusion is my sole apology for 
writing this ‘ Note,’ and that of stating my grounds clearly for consider- 
ing the conclusion erroneous, must be my apology for its length. 

C. E. 8. 
VOL. Il—-BECOND SERIES. 3a 
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- No XCVI. 


RESISTANCE OF SANDSTONE AND MORTAR TO 
THRUSTING STRESS. 


Report by G. W. MacGizoraz, Esq., Exec. Engineer, Kanhan Division. 

Lo—The Chief Engineer, Central Provinces. 

Sth April, 1872. 

I save the honor to forward original letter, with table of experiments on 
the strength of the cubes of sandstone just received from Messrs. Kirkaldy 
& Co., of London. The respective ages of the stone cubes at the time 
the experiment was made, are denoted by letters on the margin of 
the table. With regard to this information, which is of great value, 
I would beg to make the following remarks. I have always been of 
opinion that the Kamthi sandstone was of a very weak description, but 
I confess I was hardly prepared to find that it was. so much below the 
most inferior sandstones employed in England, which usually will sustain 
a pressure of 2,000 lbs. per square inch, and this was about the value I 
had hitherto given to the stone... The cubes sent to Messrs. Kirkaldy were 
not only of different ages from the quarry, but each pair, A, B, O, 
were of different qualities, selected from the various stones actually in use 
for arching. 

With the data now available, I have made the following calculation, 
which, however, I] should much like to be checked over by others. As 
regards the horizontal pressure on the key and the sufficiency of the load 
allowed :—- 

Feet. 
Let R = Radius of curvature at crown = 95°05 
d = Depth of keystone ... oe = = 425 
b=: Breadth... see ae 1 
w=: Vertical weight on a foot of keystone, including its 
own weight as follows :— 


RESISTANCE OF SANDSTONE AND MORTAR, ETO. 401 


he, =e, 
Own weight = 4:25 x 122 ths, ... ... == 5184 


Weight of roadway = 1 cubic foot, @ 122 fhs., == 122 
Live lead, @ 1 ton per foot run of bridge, 
== per square foot, ee ass san oe 112 


ew = Total Vertical do. per foot, ...  ... = 7525 
C = Weight required to crush a square foot 
of the sandstone in Ihs., which is ac- 
cording to Messrs. Kirkaldy’s test— 
1,066 x 144, coo = wee 158,504 
P = Horizontal pressure on key. 
Then P = Rbw 


= 95-05 x 1x 752k tbe, «.. 9. = 71,595 


aS 


= & = — 4°25 x 1,58,504 _ 6,52,392 __ : 
and strength of arch is proportional te = 5 = 0505 x 76 = Ties = 9°12, 


that is, the strain on the arch when ies will be 9°12 times less than 
would cause it to yield by crushing. 

Rankine’s formule for horizontal thrast at the key gives the same as 
above, viz.:— 

T=DxWxR 


ths. 
= 4:25 x 122 ths. + Cae un x 95:06 
25 


a= 4:25 + 177-06 tbs. -+- 95°05 = 71,525 tbs. 
The following is the value of for several bridges of note :— 


Valae of oO oe 
Radius of curvature], ser of times thas 
Name and Gimation of Bridge. oe ae fee ae oreagare: Gn: the 


ystone must be in- 
to crush ig, 





Bridge carrying the Great Western capa! 


over the Thames at Maidenhead, ... 169 8 
Wenilly Bridge over the Seine at Paris, oes 260 5 
Bridge of the Holy Trinity at sda eee 1726 21 
Bridge over the Dee at Chester, ase 140 22 
Bridge over the sia Riparia, Torin, ... ves 160 44 
London Beidge, ea eee eee eee oes 162 40 
Waterloo Bridge,... re a ey 1125 68 
Kanhan Bridge, vee eee eee tes soe 95:05 9°13 








The abore shows how much care should be taken ip the selection of 
} SALAR JUNG | 
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stones for the arching, and that no economy would restit from any at- 
tempt to save first cost, by any judging and choosing stones of which 
there is the smailest suspicion. 





Copy of a letter from Davin Kirxauvy, Esq., toG. W. MacGzorex, 
Esq., C.E., Exec. Engineer, Kanhan Division. 

London, 15th March, 1872. 

I duly received your esteemed letter of 830th November, but the cubes 
did not arrive here until 2nd March. Previous to testing them, I ground 
two of the faces parallel and then tested them, in my usual manner, and 
I herewith enclose report containing full particulars. 

The mean strain at which they cracked slightly was 1,066 ibs. per 
square inch, and 1,253 fhs. when they were crushed. 

The best English sandstone that I have as yet tested, crushed at 5,198 
ibs. per square inch, the texture very fine and uniform. A much coarser 
quality crushed with 2,181 tbs. 





Results of Experiments to ascertain the resistance to Thrusting Stress of 
stz cubes of yellow Sandstone with brown veins, received per Messrs. Grind- 
lay, Groom & Co. 


























§ CRACKED SLIGHTLY. phe died 
Marked Dimensions. Ter 

Per a. P |P . 
5 i Stress |"inch,| Ad | Stress. | inch’ | toot. 
G. Inches, Sq. Ins.| ths. ths, | tons. | ths. tke. | tons. 
920 May, No. 2 A./6°05 6°02 x 6°02) 36°24 | 46,920) 1 295 88°38 49,445] 1,864\a 87-7 


923 
919 
924 
922 
921 


Sept., No. 1 C.|6°00 6°16 x 641! 37-68 | 46,085] 1,224) 78-71 49,140) 1806/2 84:0 


—— 


May, No. 1 A.|6-006:00 x 6-00, 86-00 | 86,720] 1,020] 65-6] 44,780] 1,2441c 80-0 
Sept., No. 2 C.|5.96 6-07 x 5-97) 36:24 | 87,060] 1,092 65-7] 44,490] 1,2051¢ 78-8 
July, No. 2 B,\5-906'17 x 6:05| 87:82 | 84,970| 987 60-21 44,4801 1,192¢ 76-7 


ee ee ee 


July, No, 1 B.|600 5°97 x 5°99) 85°76 | 82,240) 901) 57-9] 42,440) 1,187| 76°83 


Ee | Ee os on ewe | ewe oe 





Mean, | 1,066] 68-6] Mean,| 1,258| 80°6 





All bedded between pieces of pine, one-quarter inch thick. 


; D. K. 
Note.—Ages of sandstone from quarry at time of test—a, ten months; 5, six 
months ; o, ten months ; d, six months ; ¢, eight months ; /, eight months, 
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Report by G. W. MacGzonae, Esa., Fxec. Engineer, Kanhan Division. 
To—The Chief Engineer, Central Provinces. 
10th November, 1872. 

I have the honor to forward original letter, with a table showing re» 
sults of experiments to ascertain the resistance to thrusting stress of ten 
specimens of sandstones and two of mortar, sent by order, to Messrs. 
Kirkaldy, Southwark, London, for test. 

By inspection of the table, it will be seen that the first six specimens 
sent were three years from the quarry, Nos. 7 and 8 were six months, 
and Nos. 9 and 10 were three months from the quarry. The specimens 
of mortar were about two years old. 

The specimens selected were of all the various qualities, fineness, coarse- 
ness, color, &c., that are in actual use. for arch stones for the Kanhan 
Bridge; duplicate specimens were in each case retained for comparison 
with the recorded results of the test when received. 

Taking the average of the first specimens previously sent (last year) at 
1,066 ibs. per square inch, and their age at six months, there is evidently 
@ very considerable improvement in the results, as shown by the present 
tests. I am inclined to the opinion that the very low results given by 
the first specimens must be partly attributable to some injury experienced 
by the cubes of stone in transit. The specimens were sent in an unlined 
packing case, and they arrived at and were tested in England in the depth 
of a very severe winter: it is possible, therefore, that the cubes of stones 
may in the ship’s hold have been affected by contact with salt water, or 
may have been injured by frost in England. 

The dozen specimens, of which the test results are now received, were 
sent in a tin-lined case, and were tested in England at the end of the 
summer, 

The mean results of the several. specimens, as shown in the enclosed 
table, exhibit very plainly the effect of tme in hardening these sandstones, 
and no doubt they will continue to harden to some extent in the work in 
course of years. It is, however, evident that up to a limit of age of three 
years from the quarry, the stone barely approaches in strength to the 
inferior English sandstones that are recorded in tables of strengths of ma- 
terials, which is 2,000 tbs. on the square inch. 

It will be seen by the calculations given in my letter No, 66-597, dated 
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8th April, 1872, that the horizontal pressure at the crown of these arches 
is 71,525 tbs., say 72,000 ibs., and the theoretical strength of the arch is 
Lol 
Re: 
Where d = depth of keystone. 
C = crushing weight per square foot of the stone, which we 
may now take at 1,500 x 144 = 2,16,000 tbs. 
R = radius of curvature at crown. 
w = vertical weight on a foot of keystone including its own 
weight, and which was shown to be 7524 bbs. 
We have then as ubove— 


proportional to 


Rw ~ 95°05 x 7524 ~~ 72,000 


That is, the strain in the arch when loaded will be 12°75 times less than 
would cause it to yield by crushing. 

I have taken the average crnshing strain per square inch from the table 
at 1,500 ibs. only, as few of the stones composing the arches are more 
than six months from the quarry; but even if 2,000 ibs. per square inch 
be allowed, equal to the most inferior English sandstones used for con- 
structive purposes, the actual stress in the arches would be as high as 
1 


7 of their crushing stress, when from to 0 are the usual ratios. 


Copy of letter from Davip Kirxaupy, Esq. Zo—The Huec. Engineer, 
Kanhan Division, Central Provinces. 
London, 11th Oct., 1872. 


I have again the pleasure of sending you report of experiments on 
cubes of stone and mortar. I placed all the stones on their natural bed 


thus: and before putting them in to the Testing Machine, I 


had the two surfaces A and B made parallel to insure correct results. 


RESISTANCE OF SANDSTONE AND MORTAR, ETO. 405 


I am now very busy testing a very fine series of forty-cight specimens 
of six kinds of stones from Bombay. 


: blocks ; : - : Fp \ of each kind, which will give a very 
79 


good average. 


Result of Baperiments to ascertain the resistance to Thrustiag Stress 
ef ten cubes of various Sandstones and two of Mortar, received per Mesars. 
Grindlay, Groom § Co. 





CRUSHED, £TFEL- 
CRACKED SLIGHTLY. YARD DROPPED. 


* 
‘Test | Marked. Dimensions. Base 














No. Per Per Per | Per 

Stress. | square | square | Stress. jsquere isquare 

inch. foot. inch. | foot. 

qd. Inches. - Ins.| Be. fhe, tons. the. ths. | tons. 

8047 |} 1 8Y| 6°12 617 x 6:15! 87-94 | 74,160! 1,954 | 125-7 ' 88,780) 2,340) 150°5 





3048 | 2 8Y|610 610 x 610| 87 21) 68,240) 1,884| 117°8 | 79,870] 2,146) 188-0 
3049 | 3 SY |6-26 6-25 x 6°10| 88°12] 48,970] 1,284| 82:6 | 58,740! 1,541] 99°1 
3030 | 4 8Y|6-10 615 x 6-17) 87-94] 69,820] 1,840) 118-3 | 74,180! 1,955) 125°7 
8051 | & 8Y| 5-98 610 x 610} 37-21 | 62,980 1,698| 108-9 | 69,270) 1,861] 1197 
8052 | 6 6M/6-00 5:90 x 6:00} 85-40| 51,076] 1,443] 92-8 | 54,744! 1,546] 99-4 
8058 | 7 6M| 6-00 5:95 x 6:00| 85°70| 40,780] 1,142| 78-4 49,960 1,899] 90-0 
8054 | 8 6M/ 5-92 5:96 x 5-98 | 35-64| 46,480] 1,804| 88:8 aus 1,745] 112° 
3055 | 9 6M) 5°94 6:04 x 6:00] 36:24) 48,340) 1,196| 76-9! 51,220) 1,418] 90-9 
9056 | 10 6M| 5-80 5-90 x 5-95 85-10| 40,290| 1,148| 78:8 | 45,910! 1,308] 84-2 
*g057 | 11 2Y 16-00 6-02 x 5-95| 85-82) 85,980, 1,004! 64:6 ae 1,168} 75-1 
$2058 | 12 2Y| 6-00 6-06 x 5:98 s24| saa ot 60-9 | 40,7801 1,1241 72°8 
Le aes Se ee ee es eer ett eee 








All bedded between pieces of pine, one-quarter inch thick. 
‘ DE 


® Soorkhee morter. ? Saad mortar, 
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Norse by T, W. Anmstrona, Esq., Ofy. Secy. to. Chief Commr., C. P. 


Nagpore, 20th January, 1873. 


It will be seen from the table of experiments sent by Mr. Kirkaldy, 
of Lonffon, that the specimens of sandstone last received by him from 
Kamthi have proved to be capable of resisting a much higher crushing 
power, than the specimens of sandstone first forwarded to the same gen- 
tleman by the Executive Engineer, at Mr. Armstrong’s request. 

The specimens first sent were not so long quarried as those forwarded 
in 1872. Six of the cubes of that year were three years quarried, and 
they crushed under a stress of from 1,546 ths. per square inch up to 2,840 
fbs., whereas the cubes sent in November, 1871, crushed under a stress 
varying from 1,187 tbs. to 1,364 tbs. per square inch. The ages of these 
latter cubes, as counted from the date the stone left the quarry, varies 
from six to ten months, 

The general result of the experiments last made may be said to be, that 
the stone used at the Kanhan Bridge improves in hardness and solidity 
considerably after removal from the quarries, and that when six months 
quarried, its average crushing strain per square inch may be taken at 1,500 
fbs.; calculating on this, the strain in the arches when loaded will be at the 
crown 12# times less than would ¢ause the stone to yield by crushing,— 
there is no doubt, however, but that the arch stones will harden by age; 
this is clearly proved by Mr. Kirkaldy’s experiments, and 2,000 ibs. per 
square inch may be safely taken as the average crushing strain for fully 
seasoned stones. Under this data, the actual stress in the arches would 
be seventeen times less than the crushing stress. 

Two 6-inch cubes of the mortar used at the Kanhan Bridge Works 
were sent to Mr. Kirkaldy to experiment upon, the results he reports are 
satisfactory. 

The cubes of mortar are numbered 8,057 and 8,058 in the table of 
experiments. The following is a description of these mortar cubes; the 
pressure necessary to crush them is taken from Mr. Kirkaldy’s table, and 
the tenacity given is the result. of experiments made by Mr. Wallace; 
Assistant Engineer, Kanhan Bridge :—- 
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(1). Kannan Bripez Works. 


Specimen of soorkhee mortar used in foundations. 

Proportions.—Two parts soorkhee, one part kunkur lime, age of mortar 
about two years. Crushed under a pressure of 1,168 ths. per square inch, 
equal to 75-1 tons per square foot. 

Tenacity by experiment equal to 90 fhs. per square inch. 


(2). Kannan Bripaz Works. 


Specimen of sand mortar used at the Kanhan Bridge Works above 
low water level. 

Proportions.—-Two parts river sand, one part kunkur lime, age of mor- 
tar about two years. Crushed under a pressure of 1,124 ibs. per square 
inch, equal to 72°3 tons per square foot. 

Tenacity of mortar by experiment equal to 46 ibs. per square inch. 

The only quarries near Kamthi are those from which the Kanhan 


Bridge has been built. 
T. W. A, 
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No. XOVII. 


ON BUILDING IN PISE* 


Extracted from Manual on Earthwork. Ep. sy Cot. R. Mactacan, 
R.E., with additional Notes and Report. 


Tu1s is a method of constructing solid walls of rammed earth, the form 
and dimensions of the walls heing regulated by a temporary casing of 
strong planks, within which the earth is rammed. A hard, solid struc- 
ture is thus produced, of great firmness and durability even under expo- 
sure to extremes of temperature and varieties of weather. 

Thefollowing isa description of the ordinary method of proceeding, 
taken chiefly from that in practice in the South of France, where this kind 
of construction is frequent. | 

Fig. 1. ) The wooden casing above-mention- 
ed is represented on page 408, AA 
are the boarded sides, made of stout 
smooth planks (the adjoining edges 

- - of which may, for greater security, be 

ploughed and tongued), strengthened 
by cross planks firmly nailed or screw- 
ed to the former, to prevent them 
from warping. Similar boardings are 


Fig. 3.| Pip. 3 erected, as shown in the figure, on 
Al : both sides of the intended wall, and 
\] ] they are retained in their relative 


positions at the required distance 
apart by upright stanchions BB, Fig. 
1, inserted at foot ‘in cross pieces CC. The insertion is in long mortises 
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MM, Fig. 2,-which besides the tenon at the foot of the uprights ree 


Fig. 2. ceive wedges WW, Fig. 8, by means 
ul mM of which the distance apart of the two 
= = sides is regulated. ‘ Walls in Pisé 


are generally made to diminish in 
thickness towards the top. These cross pieces, as the ‘work proceeds, 
become so firmly imbedded in the wall, that there is great difficulty in 
extracting them, to remedy which iron bars hate been substituted.* 
Even these thin iron bars become so tightly jammed when surrounded by 
the compact Pisé eatth, that mtch-labor and risk of injury to the work is 
incurred in extricating thett, atid the expedient of setting them in a bed 
of — has been successftilly resorted to: They are then drawn out with 
re,—the sand also is removed, and the holes which they leave are 
eae filled with the same earth of which the wall is made, and 
rammed. hard. 

This difficulty in the tise of wooden be does hot stem to hate beet 
experienced to the same extent in Pisé construction in the Madras Pre= 
sidency, described in the 1st Volume of the Professional Papers of thé 
Madras Engineers. It is stated that several heavy blows of a mallet on 
the narrow end were required, after which their tapering form made if 
easy to withdraw them. The soil, it is true, was in this case found 
afterwards, on the destruction of part of the wall by rain, so satidy, as to 
be in the opiniott of the Engineer, unfit for the coiistfuction of such a 
wall; but when subsequently intproved by an admiaturd of pottet’s earth, 
the work progressed satisfactorily, atid no allusion is made to thy in- 
creased difficulty in the removal of the bars. Tapering bars are not 
stated to be used in the FYench Pisé works; not were they in the first 
attempts at Bareilly. 

The heads of the opposite uptights are held together by topes ae 
shown in the figure, but in prdctice in this country it has been found 
that, under the immense pres8ute exetted upon the plark sided by tle 
earth firmly rammed iti the intefior, the ropes are so liable to stretch; 
and to break, that it is advisable to use iron rods or bars in this posi- 
tion ‘also. When ropes are. used, the distance between the side planks 


* gt Buteilly—where much useful practical experience ini Pisé work has been adytired: 
(See additional Notes.) 
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is meastited by gange rodeG, (see page 408,) and’ the ropes tightened 

when requisite to preserve the proper breadth of wall. The Fig. 5. 

use of iron connecting rods renders this unnecessary. The K 

Fig. 4. head of the first portion 

of the work is closed 

with the piece of plank- 

| ing P, Fig. 4. K, Fig. loa 
5, is a form of iron rod 

or bolt used for retain- 

ing this end plank. 

Soil of a medium qua- 
lity, that is neither very stiff nor very sandy, is considered 
best adapted for Pisé. It may be said that, that which would 
make good bricks will answet well for this description of work. 

The natural moisture of msiy svils is sufficient, requiring 
ho water to be added, to miake it cohere in a compact mass 
when rammed, When the earth is very dry, a sprinkling of 
water will be nevessary. 

It is usual to begin the work upoti s fotindation of brick or magonry § 
but there seems to be no reason why the Pisé might not be used from thé 
commencement, even for foundations under ground ; being carefully guard: 
ed from all chance of injury by running water. 

The casing being prepated and erected, and the tipper surface of th 

R 
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Bld work, when ubovt the first st¥ge, being sprinkled with water, thi 
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earth, well mixed and slightly moistened, is thrown in, and spread in thin 
layers of four or five inches. These should, when rammed, be reduced 
to one-half their original thickness. The rammers RRR should be of 
hard wood and very smooth. The successive layers are similarly treated, 
and thus the work proceeds until the top of the casing is reached. The 
ends of each portion should be finished with a slope, to which will be 
joined the portion next to be added longitudinally. These joinings should 
not, in the successive courses, be above those of the lower stage, but as in 
masonry and brickwork, should “ break joint.” The seams are all dis- 
tinctly perceptible when the work is complete, If it be desired to remedy 
this, either the wall may have a coating of plaster, or the surface may be 
simply smoothed and dressed with a shovel, or similar implement. When 
it is to be plastered, it is necessary that the wall should first be thoroughly 
dry. If dry only externally whilst damp within, it has been found that 
the moisture is apt subsequently to attack the plaster and cause it to fall 
off in flakes. Without plaster, good Pisé work is found successfully to 
withstand exposure to the weather, and after the lapse of many years to 
be so compact and hard, as to be picked down with difficulty. 

Where the wall is not that of a roofed building, it must be provided 
with a coping, having a good projection to protect it from rain. 

The tollowing diagrams show the details, and several implements re- 
quired, which require no explanation. 
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Implements required in Building in Pisé. 





oa rod 
aooa c 
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Additional Notes by F. Wiuu1ams, Esq., Collector and Magistrate of 
Bareilly.* 

The most convenient length of planking is about ten feet—the height 
of the box-work two feet six inches to three feet. The best planks for the 
purpose have been found to be what are called mullahee tukhtah, or boat 
planks, which, being well seasoned, are generally less liable than others to 
warp and crack. 

The rammer, No. 12, is used for the edge or side of each layer of earth, 
where it meets the boarded sides, and on the effectual use of this imple- 
ment will depend the finish of the surface of the work, and its capability 
of standing exposure to the weather. The upper edges of each course of 
the work will on completion, have the form shown in No. 6, due to the 
action of this rammer. 

The substitution of iron connecting bars for the wooden ones, has been 
mentioned above. The evils of the wooden arrangement were found to 
be—the starting of the wedges—the fracture of the tenons—the tight 
jamming of the bars in the wall, and the injury to the walls and to the 
bars themselves from the force requisite to be applied for extracting them. 
The lower iron connecting bars are made three and a half inches by half 
an inch; the upper, one inch by one-third or one-quarter of an inch each, 
having holes half an inch by one-quarter, with corresponding pins. 

The mode of setting the bars and arranging the work on each successive 
elevation of the casing, is to cut on the surface of the completed part of 
the wall a groove one inch wider than the bar, filling it in, after placing 
the bar, with sand, to the level of the wall’s surface. The side boarding 
being sct up, the vacant space left along the bevelled edge of the previous 
course is filled up with moist clay to retain the first layer of the new 
course. The end pieces are secured by iron bars or rods, with screws and 
nuts as shown in the figuref. 

Four men are employed on ten feet of wall inside the casing, and two 
outside, to prepare and supply the earth. 


* In contection with the Jail building at Bareilly. 
¢ A convenient arrangement might be,—to make the lower and upper connecting bars alike, to 
raise the side boarding a few inches above the upper bars, which when imbedded, might be allowed 
to remain and become the lower ones of the next course; the external apparatus being shifted, by 
taking out the pins and slipping off the stanchions and planks to be re-applied to the upper bars 
already in position to receive them, 
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Three days is the length of time required for executing the same extent 
of wall two and a half feet high, and three feet thick Two days, when two 
feet thick. The work cannot with any advantage be much accelerated. 
Gentle and quick ramming has been found most effectual. 

For preserving the surface, a rough-cast plaster of coarse sand, small 
kunker and lime, thrown on with the hand, was found the best kind of 
external application. But the latest mode adopted, is to place on the edge 
of each layer of earth, in contact with the plank sides, rows of pieces of 
tile, to be imbedded three or four inches in the wall, and along with these, 
to a somewhat less depth in the wall, a mixture of lime, soorkhee and 
broken bricks. This is slightly moistened, and being rammed, similarly 
to the rest of the work, becomes when finished, a sort of pucka facing to 
the wall. This will, mére readily than earthen Pisé, receive plaster, if 
further exterior finish is desired. For one face of one piece of casing, 
ten feet by two and a half, the following amount of these materials are 
required :— 


Earth-lime, ee ee ee ee ee ee ee 1 mannd. 
Soorkhee, ee es ee ee ee ee ee 20 seers. 

Broken bricks and tiles, ee ee ee ee ee 20 9 

Here is the cost of one 10 feet casing complete, at Bareilly :— 

RB. A. 

165 ft. plank, at Rs 2-8 per 100 sup. ft., including cartage, 4 2 


8 uprights, at 4 as. each, ee ee oe ee ee 2 0 
6} seers, iron nails, at 2} seers per rupee, .. aa ae 2 14 
1 maund iron for connecting rods, .. oe oe ee 6 12 


16 pins (§ seer weight), at 2} seers per rupee, ee ee 0 8 
16 carpenters, at 8 as. each, .. as a < oe 8 0 
Smiths, ee ee ee ee ee ee os 1 8 


a — Ta — ek — ee — ek — ee — 





Total Rupees, .. 20 7 0 
5 rammers, at 3as.each, .. os es s6 -» O18 0 


2 crowbars, ee ee ee ee ee os ee 0 2°0 





. Total Rupees, .. 1 1 0 
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The cost of the work at Bareilly (exclusive of the original cost of cases 
and tools) is as follows :— 





1 case, 10 ft. | 4 cases, wall 
Materials x 3x2 rr 10 ft. high stead sh _ 
75 cub. feet. | 100 cub 





f 


EARTH. RB jA./P./ B. | Al Py BR. | A, BP. 
Carting.—2-bullock hackery, 10 or 11 maunds, 
about 7 trips a day, @ 6 as., .. ee a 0; 6/0) 1/8) 0) 0) 8/0 


PUCKA FACING. 


Lime, 1 maund, soorkhee, 20 seers, aii 


bricks, 20 ditto, ee ee ee e@ 
” Total materials, ee 0/8] 0! 2/0/10! 0/108 
LABOR. 


At Bareilly, the work was chiefly done by pris- 
oners. When laborers are employed, then— 


6 men, 3 days, at 2 as. per diem (for one case), 2/4/0| 9/0/0] 8} 0/0 


Total, oe 2,2; O} 11} 0; O| 8110; 8 


It is probable that the cost of the whole apparatus may be considerably 
reduced. 
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Report on the Pisé work executed at the Etah Jail during 1867-68. By 
Mr. H. Sprenasr, Assist. Engineer. 


The boxes in which the | isé work at the Etah Jail is being executed, con- 
sist of two wooden frames ten feet long and two and a half feet broad, made 
of planks, which are nailed on to stout battens. They are held together by 
four pairs of posts 3” x 8” which are connected above and below with tie- 
bars of flat iron 14” x 4”. The tie-bars have at each end a certain 
number of half inch holes punched in them to receive pins for the purpose 
of preventing the posts from slipping off. By changing the pins, walls of 
any given dimension can be obtained, wedges of hard wood, with longitu- 
dinal slots, are introduced between the posts and the pins, to adjust the 
breadth of the boxes to a standard gauge. After the boxes are fixed and 
adjusted, they are secured in their position by ropes passing over them, 
and tied to stakes on each side, Any deflection from the vertical should 
be corrected at the commencement of the work, as it is impossible to alter 
the position of a box after it is half full. Any earth which is suitable for 
brickmaking will do for Pisé work, on being dug out it is passed through 
a screen with half inch meshes, and thrown into the boxes in even layers 
of six inches in depth. 

Generally fresh earth contains sufficient moisture to ensure good conso- 
lidation ; but if it is found that it jumps up under the rammers, it should, 
on being thrown into the boxes, be sprinkled with a little water out of a 
tin can with a rose. The watering should be as uniform as possible, as if 
it is applied unequally it will liquify the earth, which will commence ooz- 
ing out under the rammers. Pisé work executed with too much water is 
worse than if done with dry earth, as, on account of the elasticity of the 
wet earth, the effect of the ramming is deadened, and the earth remains 
unconsolidated. The men should be prohibited to keep time in ramming, 
as it causes vibration, which is injurious to the stability of the wall. On 
working over a lower course, it is as well to let the lower tie-bars about 
four inches into the same to give the boxes a firm hold on the old work, 
thereby the joints become imperceptible, and the upper edge of the lower 
course is prevented from chipping off. 

The implements used are the three different kinds of rammers shown 
in the drawing, the earth is first beaten down with the V-shaped ram- 
mer, and then surfaced with the one with the flat bottom. The sides of 
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the boxes are consolidated with the spade-shaped rammer. When com- 
mencing the Pisé work at Etah, considerable difficulty was experienced in 
‘extracting the lower tie-bars. These were, therefore, supplied with holes 
three inches apart throughout their whole length. A pin was inserted, 
against which a crow-bar with a long slot and well bent at the end was 
made to work. An equal pressure could thereby be exerted against the 
tie-bars, they were thus extracted with great facility without injuring them 
or the face of the wall, which was not the case formerly. A pattern of a 
box made of sél wood, costing Rs. 40, was received from the Etawah Jail ; 
acccording to this 22 new ones were constructed. As it was, however, 
presumed that they would be all but thrown ‘way on the completion of 
the work, which was expected to take place in less than a year, they were 
made of mangoe instead of sil wood, whereby the price was reduced to 
Rs. 22. Boxes, however, intended for constant use should decidedly be 
of substantial wood, as the 22 above-mentioned will barely suffice to com- 
plete the wall of the Jail at Etah, containing 1,00,000 cubic feet of Pisé 
masonry. If the inside of the frames are well smoothed and evened, and 
they are continually kept in gauge, the Pisé walling will present a very 
substantial and uniform apnearance when finished. 

The contrast of the effect of rain which fell in April and May on the 
Pisé walling and on common kucha masonry of the same age was very 
marked,—the former had hardly been affected at ail, whereas the latter 
was very much cat up and honey-combed, and had to be leeped with 
gober to preserve it. 

The cost of 100 cubic feet of Pisé on a wall 14 feet high and 24 feet 
thick was as follows, the average lead of the earth having been 800 feet :-— 


RS, A. P, 
Digging, 1 beldar, .. oe oe oe oe - OO 20 
Transport of earth, 4 boys, as ee 0 6 0 
Ramming, inclading putting up and taking jowh of boxes, 

6 beldars, .. , oe - OO 12 0 
Screening and breaking of earth, 1 beldar, oe «. 0 20 
Watering, 1 boy, .. ee oe ee ee - OO 16 
Superintendence, { mistree, 0 1 0 
Cost of box—one box aiid able to turn ‘al 5 000 ‘abic 

feet Pisé work, .. ee oe oe oe 0 7 0 
Baskets, ropes, &c., a és oe i oe 0 0 9 
Repairs to boxes and ironworks. ee oo ee 0 1 9 





© 


Tofal, oe 2 2 





WNOVHVS ONNS AV IVS SYM 
ang oy fo ype 1ayno Fy] p ANOHNGSUD) By 1 gISN sD 
X08 ¥Sid JONV 1d 


en i oe ——— i = = — - a 





ON BUILDING IN PISE, 419 


Note by Mr. E. Barriz, Exec. Engineer, 5th Divn. Grand Trunk Road. 

The above rate, Rs. 2-2-0 per 100 cubic feet, ie a low one, and owing to 
earth for the Pisé work having been procured close to one side of the Jail. 
The earth procurable at Etah for the Jail enclosure wall is not first class. 
The work has, however, stood the test of some very heavy falls of rain. 
While the ordinary kucha brick masonry in the buildings suffered as 
usual in having the kucha plaster, and leeping partially washed off, the 
Pisé work scarcely showed any signs of having been exposed to rain. By 
ramming small pieces of tile on the outer surface of the Pisé work, it may 
be made to retain pycka plaster. ; 

From the accompanying sketch of the boxes used, it will be seen that 
they could be used for constructing Béton Pisé, or any other ordinary con- 
concrete work. The use of concretes for building purposes should receive 
more attention, as the great and increasing difficulty in procuring bricks, 
together with the high rates, raises the cost of brick masonry to a very 
high figure; and delay caused in the construction of small detached build. 
ings by time occupied in the manufacture of bricks is sometimes very great. 


Supplementary Note by Mr. E. Barri, Exec. Engineer, 5th Divn., Grand 
Trunk Road. 


It requires only one day to fix and fill one Pisé box (with half the 
labor given above for 100 cubic feet, each case containing 50 feet). The 
work at Etah has generally been concluded in the following manner :—In 
the morning the boxes were taken down, and again put up and filled 
during the day; they were left during the night, so that the earth might 
detach itself from the sides. Itis not advisable to allow a course to 
dry thoroughly, as the upper one will not bind well into it, but proba- 
bly show a crack. If the earth is well rammed, and only the proper 
quantity of moisture admitted, a second course can be commenced imme- 
diately. In buildings in which Pisé work is likely to be used, this would 
seldom be necessary. Such works as Jail and Hawalat surrounding 
walls are generally of considerable extent. The Etah Jail wall is 2,700 
feet in length, in which 22 cases have been used; more could have been 
made, and the work carried on with greater rapidity, had sufficient labor 
heen available. 
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Counvespondence. 


To the Editor, Professional Papers on Indian Engineering. 


Dga8 S1k,—Perhaps the following note may be thought to bear on Major Corbett’s 
theory, that irrigation would become unnecessary in Upper India if deep cultivation 
could be introduced. : 

In the Banu valley, the low lands not only get an abundance of water from the 
Koorum river, but with the water a large quantity of very fertile deposit. These 
lands are carefully and deeply cultivated, principally by the spade. 

The higher lands which get either no irrigation at all, or an uncertain supply from 
mountain torrents, arc merely scratched in the usual Indian fashion. Does not this 
seem to point to the conclusion that deep cultivation is only practicable where irriga- 
tion renders the cultivator certain of a return for his ontlay ? and that so far from 
deep cultivation being a substitute for irrigation, it is only on irrigated lands that 
deep cultvation can be profitably employed. 


Yours truly, 


J.B. LINDSELL, LiEvT., R.E., 


EDWARDESABAD, 
Assistant Engineer. 


13th January, 1873. 


Srz,—On reading Paper LXV. on the Margohi Cement, it has occurred to me to 
suggest to the gentlemen engaged on this interesting investigation, that their experi- 
ments would be much more satisfactory and generally available for comparison, if 
they adopted a procedure similar to that commonly used at home for such enquiries, 
so as to throw their results into the same form as the great mass of data already 
accumulated regarding the cements now in common use, particularly Portland, the 
most important of any, (vide Minutes of Proceedings of the Institution of Civil 
Engineers, Vols, XXV. and XXXII), 

I would also venture to remark that the experiments recorded, pages 18-20 of your 
February Number, are hardly sufficient to justify the conclusion that the new cement 
is equal to English Portland ; it is quite possible it may be so, but cannot be taken as 
proved. Only one experiment was, if I understand right, made with each kind of 
cement, and the method and apparatus described are both very liable to have their 
results affected by many things, besides the strength of the cements ; now with the 
most perfect apparatus yet devised or used, it is generally only considerd safe to gene- 
ralize from the average of a large number of experiments, 

It is not quite clear whether the fracture took place through the mortar in any of 
the experiments ; if the mortar merely separated from the bricks, the results are rather 
indications of the goodness of the bricks and of the workmanship in putting them 
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together, than of the relative strengths of the cements. I am inclined to think that 
the ‘results, for Portland at all events, must have been vitiated in some such way 
because an ultimate tensile strength per square inch, ten or twelve times as great as 
that now assigned to a joint made with it, is commonly obtained from it (and indeed 
insisted updén as a matter of contract) at home ; and as the sample under trial is stated 
to have been “ just imported and in good condition,” it seems scarcely possible that so 
great a deterioration should have taken place. The precaution was probably taken 
of using a mixed sample from different packages, otherwise the variations in quality 
to which single packages are subject, are sometimes quite sufficient to seriously affect 
the validity of results obtained from them. 


SINGAPORE, W. Innes, Capt., B.E. 
10th April, 1878. 


Correspondence. 





To the Editor, 


S1z,—On reading Paper LXV. on the Margohi Cement, it has occurred to me to 
suggest to the gentlemen engaged on this interesting investigation, that their experi- 
ments would be much more satisfactory and generally available for comparison, if 
they adopted a procedure similar to that commonly used at home for such enquiries, 
so as to throw their results into the same form as the great mass of data already 
accumulated regarding the cements now in common usc, particularly Portland, the 
most important of any, (ride Minutes of Proceedings of the Institution of Civil 
Engincers, Vols. XXV. and XXXII). 

I would also venture to remark that the experiments recorded, pages 18-20 of your 
February Number, are hardly sufficient to justify the conclusion that the new cement 
is equal to English Portland ; it is quite possible it may be so, but cannot be taken as 
proved. Only one experiment was, if I understand right, made with each kind of 
cement, and the method and apparatus described are both very liable to have their 
results affected by many things, besides the strength of the cements ; now with the 
most perfect apparatus yet devised or nsed, it is generally only considerd safe to gene- 
ralize from the average of a large number of experiments, 

It is not quite clear whether the fracture took place through the mortar in any of 
the experiments ; if the mortar mercly separated from the bricks, the results are rather 
indications of the goodness of the bricks and of the workmanship in putting them 
together, than of the relative strengths of the cements. I am inclined to think that 
the results, for Portland at all events, must have been vitiated in some such way, 
because an ultimate tensile strength per syuarc inch, ten or twelve times 4s great as 
that now assigned to a joint made with it, is commonly obtained from it (and indeed 
insisted upon as a mater of contract) at home ; and as the sample under trial is stated 
to have been “ just imported and in good condition,” it seems scarcely possible that so 
great a detcrioration should have taken place. The precaution was probably taken 
of using a mixed sample from different packages, otherwise the variations in quality 
to which single packages are subject, arc sometimes quite sutlicient to seriously affect 
the validity of results obtained from them. 


W, Innes, Cart., R.E. 
SINGAPORE, 


10th April, 1873, § 





